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lîîT'RODÏÏGÏIOH
ï n  my re v ie w  o f  th e  l i t e r a t u r e  1 s h a l l  d ia c u s e  th e  taxonom y 
o f  th e  f a m ily  H ic ro c o o o a c e a e , U n fo r tu n a te ly  « i n  th e  l i t e r a t u r e  
th e  w ords **taxonomy^' and  ^ ^ c la s s if ic a tio n * *  a r e  f r e q u e n t ly ,  con» 
s ld e r e d  to  be synonym ous• X, h o w ev er, am n o t o f  t h i s  o p in io n *
Ï  d e f in e  taxonom y a s  t h e  s c ie n c e  o f  th e  a r r a n g e m e n t ,  th e  nam ing , 
and  th e  i d e n t i f y i n g  o f  l i v i n g  t h i n g s ,  and  c l a s s i f i c a t i o n  a s  th e  
a r ra n g e m e n t o f  l i v i n g  th in g s  I n to  g ro u p s  o r  c l a s s e s . I  
c o n s id e r ,  t h e r e f o r e ,  l i k e  üowan (1963)$  t h a t  taxonom y can  bo 
d iv id e d  i n t o  3 p a r t s  (1 ) c l a s s i f i c a t i o n ,  (2) n o m e n c la tu re , 
and  (3 )  i d e n t i f i c a t i o n *  O l a s s l f l o a t i o n  i s  th e  m ost im p o r ta n t  
p a r t  o f  taxonom y, s in c e  w ith o u t  a  p ro p e r  c l a s s i f i c a t i o n  schem e, 
n e i t h e r  th e  nam ing n o r  th e  i d e n t i f y i n g  o f  àn  o rg an ism  can  be 
c a r r i e d  o u t  s a t i s f a c t o r i l y ;  u n f o r tu n a t e l y  t h e  e a r l i e r  
ta x o n o m is ts  d id  n o t  r e a l i s e  th e  im p o r ta n c e  o f  a  c l a s s i f i c a t i o n  
schem e b a se d  on v a l i d  and r e p r o d u c ib le o  c r i t e r i a  and t h i s  h a s  
l e d  to  th e  c o n s id e r a b le  c o n fu s io n  o f  th e  taxonom y o f  th e  fa m ily  
l lo r o o o c c a c e a e  i n  th e  l i t e r a t u r e *•«!:r35r£atn-îÿeçWPBeV*r3S^.ft^tVA»Til«»tiTtoîWKS^
Bach o f  t h e  3 com ponents o f  taxonom y h a s  i t s  ovm p a r t i c u l a r  
p ro b le m s , b u t  i t  i s  n o t  a lw a y s  p o s s i b l e  to  d e a l  w ith  th e  p ro b lèm e 
o f  c l a s s i f i c a t i o n ,  n o m e n c la tu re ,  o r  i d e n t i f i c a t i o n  i n  i s o l a t i o n  
from  one a n o t h e r .  i h i s  i s  why, to  th e  b a c t e r i d l o g i s t '  i n  
g e n e r a l , c l a a s i f i c a t i o n , n o m e n c la tu re  and I d e n t i f i c a t i o n  o f t e n  
a p p e a r  to  be  fu s e d  t o g e th e r .  The c r i t i c a l  ta x o n o m is te ,  th e r e »  
f o r e  m ust t r y  and  s e p a r a t e  t h e s e  3 com ponents when he  re v ie w s
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th e  l i t e r a t u r e ,  an d  a l s o  p ro a  m ite  h i s  own c o n t r i b u t i o n  to  
th e  a o ie n c o  o f  taxonom y.
1♦ C la s a i  £ i e a t l o n
(a )  T h e re  m ust h e  a  p u rp o s e  f o r  c la a a r l fy in g  s t r a in ©  o f  
b a c t e r i a .  My r e a s o n  f o r  o l a s a i f y i n g  a t r a i u a  o f  th e  fa m ily  
M ic ro c o c c a e e a e  i s  to  show , w h e th e r , w i th in  t h i s  l a r g e  g ro u p  o f♦sFVT*ri«ibr:;»tV:L»9rs>ij>^;Uji*rTirT>P^s‘t^WtiMm^n f w
o rg a n !a m a , s t r a i n s  can ho r e g a rd e d  o n ly  a a  a  p a r t  o f  a  c o n t in u o u s  
s e r i e s  w ith  p a th o g e n ic ,  b io c h e m ic a l ly  a c t i v e  c o a g u la s o  p o s i t i v e  
s t r a i n s  à t  one ex trê m e  and a a p ro ^ ïh y tio , b io c h e m ic a l ly  weak o r  
i n a c t i v e a  ooaf^X aoe n e g a t iv e  a t r a i n s  a t  t h e  o t h e r ,  o r  v i ie th e r  any  
n a t u r a l  g ro u p in g s  e x i s t ,
(b )  A l a r g e  v a r i e t y  o f  c h a r a c t e r s  m ust be  u s e d .  A l l  
c l a s s i f i c a t i o n  sohem os o f  b a c t e r i a  a r e  b a s e d  on th e  c o m p ariso n  o f  
c e r t a i n  c h a r a c t e r s  e x h i b i t e d  by s t r a i n s  o f  th o s e  b a c t e r i a .  I n  
any tasconom ic s tu d y ,  t h e r e f o r e ,  i t  i s  im p o r ta n t  to  exam ine a s  
many c h a r a c t e r s  a s  p o s s i b l e  i n  o r d e r  to  show r o l a t i o n s h l p s  
b e tw een  s t r a i n s ,  I  h av e  u s e d  m oxi^ho log ica l mid p h y s io l o g ic a l
c h a r a c t e r s ,  a s  b o th  o f  t h e s e  have  b een  shown to  Ibe th e  m oat
v a lu a b le  i n  p r e v io u s  tax o n o m ic  s t u d i o s  f o r  t h e  c l a s s i f i c a t i o n  o f  
m ic ro  c o c c i  an d  a ta p h y lo  c o c c i ;  I  have  a l s o  u s e d  c liax v ic to re  
d e t e c t e d  by e l e c t r o p h o r e t i c  m e th o d s , e , g .  Iso zy m e s  o f  c e l l  
d l s t l 3 i t e g r a t e a , w h ich  h av e  n o t  b een  u s e d  i n  p r e v io u s  c l a o s i f i -  
c a t i o n s  o f  t h i s  g ro u p  o f  o r g a n l m s ,  C e l l  c o m p o s itio n  
ç h a r a c t e r a ,  e , g ,  DMA b a s e  r a t i o s ,  a r e  w e ll  w o rth  ex am in in g  
b u t th e y  a r e  a  s tu d y  i n  th e m a e lv o s and
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w ere n o t  u se d  i n  t l i i a  c l a s s i f i c a t i o n ,  , X h av e  n o t  u se d  
e e r o l o g i c a l  c h a r a c t e r s  a s  a  m eans o f  d i v i s i o n  o f  t h e  a e r o b ic  
m em bers o f  th e  M icr o c o c c a c e a e * e in c e  p r e v io u s  work h a s  shown 
t h a t  t h e s e  have  been  found  to  be o f  l i m i t e d  u se  o n ly  i n  one 
g ro u p , th e  â M â l Î 2 g 2 j5 £ M  a u r e u s  g ro u p , w i th in  t h i s  f a m ily .
The tax o n o m ic  s i g n i f i c a n c e  o f  G e o lo g ic a l  c h a r a c t e r s , s u c h  
a s  h a b i t a t ,  i n  th e  M lc ,rococcac e a e , h o w ev er, h a s  n o t ,  up t i l l  now, 
b een  f u l l y  s t u d i e d ,  T h e r e f o r e ,  h a b i t a t  c h a r a c t e r s  h av e  been  
examined, to  s e e  i f  th e y  c o r r e l a t e  w e ll  w ith  any  o th e r  s e t  o f  
c h a r a c t e r 8 ,
( c )  Wei g h t i n g  o f  c h a r a c t e r s
Once th e  c h a r a c t e r s  o f  s t r a i n s  have  been  exam ined  t h e r e  a r e  
two ways to  t r y  to  c l a s a i f y  th e  s t r a i n s ,
(1 ) The t r a d i t i o n a l  a b r o a c h  to  o l a e s i f i c a t i o n  -  In  th e  
t r a d i t i o n a l  a p p ro a c h  to  c l a s s i f i c a t i o n  . I n d iv i d u a l  ta x o n o m is ts  
s e l e c t  c e r t a i n  c h a r a c t e r s  th e y  b e l i e v e  to  be im p o r ta n t ,  a s  
c r i t e r i a  f o r  th e  g ro u p in g  o f  s t r a i n s  i n t o  defzlned f a m i l i e s ,  g e n e ra ,  
s p e c ie s  or- g ro u p s . T h ese  a r b i t r a r i l y  ch o sen  d i v i s i o n s  may s u i t  
th e  I n d i v id u a l  ta x o n o m is ts  and  th o s e  i n t e r e s t e d  i n  t h e i r  a p p ro a c h  
to  c l a s s i f i c a t i o n ,  b u t  t h i s  a p p ro a c h  does n o t  show a  t r u e  
r e l a t i o n s h i p  be tw een  s t r a i n a ,
(2 ) The â d a n s o n ia n  a p p ro a c h  to  c l a s s i f i c a t i o n  » S in c e  l i t t l e  
in f o r m a t io n  i s  known a b o u t th e  im p o r ta n c e  o f  c h a r a c t e r s ,  one 
c h a r a c t e r  s h o u ld  n o t  be  em p h asised  m ore th a n  a n o th e r  f o r  th e
» ij.
a rra n g e m e n t o f  s t r a i n s  i n t o  f a m i l i e s ,  g e n e ra ,  s p e c i e s  o r  g roup  
and  th u s  I n  an  A d an so n ian  c l a s s i f i c a t i o n  each  c h a r a c t e r  i s  g iv e n  
e q u a l w e ig h t , I  h av e  adopbed  th e  A d an so n lan  a p p ro a c h  to  my 
c l a s s ! f i c a t i o n  echem es, s in c e  i t  i s  th e  o n ly  way n a t u r a l  
g ro u p in g s  ca n  be d e t e c t e d ,
2 .  N o m e n c la tu re
As a  r e s u l t  o f  any  tax o n o m ic  s tu d y ^  nmmos a r e  a p p l i e d  to  
each  tax o n o m ic  u n i t  to  g iv e  p r e c i s e ,  a l th o u g h  l i m i t e d ,  
in f o r m a t io n  a b o u t  each  u n i t  so  t h a t  co a& u u iica tio n  can  be 
r e a d i l y  m ad e  betw een, p e o p le  when r e f e r r i n g  to  t h e s e  u n i t s .  The 
l i t e r a t u r e ,  h o w ev e r, l e  b u rd e n ed  w ith  many b in o m ia l  nam es w hich 
a r e  e i t h e r  synonym e,. o r  co n v ey , by d e f i n i t i o n ,  v e ry  l i t t l e  
I n fo r m a t io n  ao t h a t  th e  n a t u r e  o f  th e  taxonom ic  u n i t  l a  v a g u e .
Many ta x o n o m is ts  h av e  r e j e c t e d  th e  id e a  o f  u s in g  nam es, 
w hich o n ly  c o n fu s e  th e  r e a d e r  an d  th e y  p r e f e r  to  u s e  t h e i r  ovm 
g ro u p  and  su b g ro u p  num bers; Gowan (1965) h a s  a c t u a l l y  a d v o c a te d  
th e  c o m p le te  abandonfnoiit o f  nam es and  lie recom m ends th e  u s e  .o f  a  
code f o r  a l l  b a c t e r i a  c o n a l s t l n g  o f  num bers o r  l e t t e r s .  I  h av e  
u s e d  b in o m ia l and  o th e r  naines to  d e s ig n a te  s t r a i n s  o n ly  when X 
have  d e f in e d  them f i r s t ^  am i f o r  c e r t a i n  n a t u r a l  g ro u p in g s  I  u s e  
my own g ro u p  o r  su b g ro u p  num ber.
5« I d e n t ! f 1 c a t i o n
I d e n t i f 1 c a t i o n  o f  b a c t e r i a  i s ,  o f  n e c e s s i t y ,  d e p e n d e n t on an  
e a r l i e r  c l a s s i f i c a t i o n ,  and  i t  i s  im jio r ta n t  t h a t  i c l o n t i f i c a t i o n  
i s  a  r a p id  and  r e l a t i v e l y  s im p le  s ta n d a r d  p r o c e d u r e ,  s in c e  many
p e o p le  who w ish  to  i d e n t i f y  ' b a o te ic la  a r e  n o t  ta x o iio m ia ts#  One
o f  th e  b e e t  w a y s .to  i d e n t i f y  b a c t e r i a  i s  to  p r e p a r e  a  k ey  b aaed
OB a  few s e l e c t e d  c h a r a c t e r s  w hich  a r e  t y p i c a l  o f  th e  n a t u r a l
g ro u p s  found  by c l a a a i f i c a t i o n  Bchemes* The p ro b lem  o f
i d e n t i f y i n g  s t r a i n s  o f  th e  fa m ily  M ic ro c o o ca cea e  i s  t h a t  few »
n a t u r a l  g ro u p s  h av e  b een  d is c o v e r e d ,  and  t h e r e f o r e  ty p ic a ] ,  
c h a r a c t e r s  do n o t e x i s t ,  whloli m akes th e  c o n s ta n tc t lo n  o f  a  s im p le  
d i a g n o s t i c  k e y  im p o B slb le#  A t th e  m oment,■ w ith in ^  t h i s  g ro u p  o f  
b a c t e r i a ,  i c l e n t i f i c a t i o n  h a s  to  be c a r r i e d  o u t  by fo l lo w in g  
c l a s B l f l c a t i o t i  schem es w hich  depend  on many t e s t s  f o r  th e  
e x a r r in a t io n  o f .o h a r a c t e r s *  I  h av e  d is c u s s e d ,  w i th in  t h i s  
t l i e e i s ,  th e  u s e f u l n e s s  o f  an  i d e n t i f i c a t i o n  schem e b aaed  on my 
s y s te m 'o f  c l a s s i f i c a t i o n *  .■ . '
The fo l lo w in g  I'^eview d e a ls  w i th ,  f i r s t , th e  s t a t e  o f  
c o n fu s io n  e icL a tin g  i n  th e  taxonom y o f  ra ic rococcaX  and  s ta p h y lo »  
e o o c a l  s t r a i n s ;  s e c o n d ly , th e  u s e f u ln e s s  o f  c h a r a c t e r s  a s*  
tax o n o m ic  c r i t e r i a  f o r  a r b i t r a r y  c l a a s i f i c a t i o n  schem es; and  
t h i r d l y ,  th e  a d v a n ta g e s ,_ l f  a n y , o f  th e  A daneoE ian  a p p ro a c h  to  
c l a s s i f i c a t i o n  o v e r  th e  t r a d i t i o n a l  a r b i t r a r y  o n e  i n  th e  
m ic ro c o c c u s » s ta p h y lo c o c c u s  group*
THE FAMILY MICROCOeCACEAE
G o o d c lr had  r e c o r d e d  th e - p r e s e n c e  o f  c o c c a l  fo rm s o f  
b a c te r ia  from  sto m ach  c o n te n t s  i n  1842 b u t  I t  w as t h i r t y  y e a r s  
l a t e r  b e f o r e  any  tax o n o m ic  s tu d y  o f  c o g c I  was a tte m p te d #  Cohn 
<18?2) was th e  f i r s t  p e r s o n  to  p l a c e  s p h e r i c a l  b a c t e r i a ,  w hich  
he had  I s o l a t e d  from  a  v a r i e t y  o f  h a b i t a t s  I n c lu d in g  s l im e  an d  
wound s e c r e t i o n s ,  i n t o  a  g en u s » M ic ro c o c c u s . I t  i s  c l e a r  from 
Cohn*s d e s c r i p t i o n ,  h o w ev e r, t h a t  so m e ,o f  h i s  I s o l a t e s  w ere 
d ip th e r o i d s  and  s t r e p to c o c c i#  y e a r s  l a t e r  M agnln (1878)
in c lu d e d  b o th  th e  g e n e ra  M ic ro c o cc u s  and  S a r c in a  I n  a  b a c t e r i a lW imiiMiaini! «imi iM
c l a s s i f i c a t i o n  sch em e, b u t  he  d id  n o t  malts c l e a r  t h e  r e l a t i o n »  
s h ip  b e tw een  th e  two g e n e ra ,  and  i t  vma n o t  u n t i l  1883 . t h a t  &i 
t r u e  o l a s a l f l c a t l o n  o f  s p h e r i c a l  b a c t e r i a  v/aa m ade; S op f (1883) 
p u t  th e  g en u s  M ic ro c o c c u s  and  th e  g en u s  B a rc in a  w i th  t h r e e  o th e r  
g e n e ra ,  S t r e p to c o o c u a ,  M erism opod ia#  and  A sco o o c eu s . I n to  one 
f a m ily ,  th e  C o c c a c e a e # t h e  o r i g i n a l  d e f i n i t i o n  o f  w hich  was a s  . 
f o l lo w s Î **s p h e r i c a l  e le m e n ts ,  no a p o ro a , d i v i s i o n  I n  o n e  o r  
s e v e r a l  planes** (0 o p f  » 1 8 8 3 , 3 rd  e d i t i o n  o f  B ar gey  *s M anual, 
1930) •  The s p h e r i c a l  o rg a n ism s  w ere c l a s s i f i e d  I n t o  f i v e  
g e n e ra  a c c o r d in g  to  t h e i r  m iox^oscoplc m o rp h o lo g ic a l  a r ra n g e m e n t, 
i . e .  v a r io u s  p la n e s  o f  d i v i s i o n  and  zoogXoa fo rm a tio n ;  th e  g en u s 
M ic ro COe c u s  was d o f in o d  a s  s p h e r i c a l  e le m e n ts  o c c u r r in g  In  I r r »  
o g u la r  m a s s e s , and th e  g en u s  B a rc ln a  was d e f in e d  a s  s p h e r i c a l  
e le m e n ts  o o c u r r in g  i n  p a c k e ts #
The w ord s ta p h y lo c o c c u s  was f i r s t  u s e d  by O g sto n  i n  1882 i n
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d e s c r ib in g  c o c c i  p r e s e n t  i n  s e p t i c  w ounds; he  a l s o  showed t h a t  
t h e s e  c o c c i  w ere p a th o g e n ic  to  m ice  and  g u in e a  p ig s*  O g s to n , 
h o w ev er, u se d  th e  word a s  a  common name and  n o t  a s  a s c i e n t i f i c  
one  and  i t  was H osenbach  ( I 8 8 4 ) who in t r o d u c e d  S tq p h y io c o e c u s  a s  
.a g e n e r ic  name i n t o  b a c t e r i o l o g i c a l  n o m e n c la tu re . The g en u s 
G a ffk y a ' was c r e a t e d  by T re v is a n  i n  1885 ,i n  a  l i t t l e  known 
c l a s s i f i c a t i o n  schem e to  c o v e r  t e t r a d  fo rm in g  m ic ro c o c c i ;  t h i s  
g e n e r ic  name was ig n o r e d  by co n tem p o ra ry  ta x o n o m is ts  and  was n o t 
u se d  f o r  a n o th e r  48 y e a r s  ( P r e v o t ,  1933)* I n  1 8 8 6 $ th e  
tax o n o m ic  work o f  Xlueppe r e s u l t e d  i n  th e  e a r l i e s t ,  r e c o r d  o f  th e  
th r o e  g e n e ra .  M ic ro c o c c u s . S a r c in a  and  B ta p h y lo c o c c u s  b e in g  p la c e d  
i n  th e  same fa m ily  » th e  G o ccaceao * b u t  i n  f a c t  i t  was 31 y e a r s  
l a t e r  b e f o r e  th o s e  t h r e e  g e n e ra  w ere once  m ore u n d e r  th e  same 
fa m ily  name (B uchanan , 1 9 1 7 ) . A lth o u g h  a  few m ore b a c t e r i a l  
c l a s s i f i c a t i o n  schem es w ere e v o lv e d  i n  th e  n e x t  I 4 y e a r s  ( e . g .  
F lu g g e , 1 8 8 6 , Lehmann & Neumann, 1 8 9 6 , M ig u la , I 900 ) ,  th e  num ber 
o f  c h a r a c t e r s  u se d  f o r  c l a s s i f y i n g  th e  C occaccao  i n t o  g e n e ra  was 
n o t  e x te n d e d  much beyond th e  few .m orpholbgicaX  o n e s  o f  Bopf (1883) 
from th e  y e a r s  1886 to  I 9 0 8 *
I t  was o f  g r e a t  a ig n i f i c a n c G | t h e r e f o r e ,  when W inslow  & 
W inslow  i n  1908 em p h asised  f o r  th e  f i r s t  t t o e  th e  im p o r ta n c e  o f  
Gram s t a i n ,  p ig m e n ta t io n ,  th e  breakdovm  o f  s u g a r s  and  th e  a b i l i t y  
to  c a u s e  d is o a a o  a s  c h a r a c t e r s  f o r  th e  c l a s B i f l c a t l o n  o f  t h e  
C occaceae  i n t o  g e n e ra .  They d e f in e d  th e  g en u s  M ic ro c o cc u s  a s ^ ■p»ji*iif>iwLWiwiw4i'vwinim#'N'n *
b e in g  (^ g e n e ra lly  Gram n e g a tiv e ;, i r i* e g u la r ly  g ro u p ed  c e l l s ,  u s u a l l y
y é l lo #  pigm.èntocV, s a p r o p h y t ic  and n o t  a b l e  to  p ro d u c e  a c id  
f ro m .sugar©;** th e  d e f i n i t i o n .o f  S a r c ln a  d i f f e r s  froîiî t h a t  o f  
M lcrococcx ts ' o n ly  in  t h a t ,  c e l l s  I n  s a r c l n a  o c c u r  i n  p a c k e ts #
T he ; d e f i n i t i o n - b y  W inalow & W inslow  (3.908) o f  two o th e r  
g e n e ra ,  d i f f e r i n g  o n ly  l a  p ig m e n ta t io n ,  v/ao g iv e n  a s  fo lio ? /© :»  
ofa% ige»plgm ented A u ro co ccu a  and ? /h lte » p ig m e n te d  â lh o c o o c u e  » 
u s u a l l y  Gram p o s i t i v e  I r f o g u l a r l y  g ro u p ed  c e l l s ,  p a r a s i t i c  
and a b l e  t o  p ro d u c e  a c i d  from  su g a rs#  I n  th e  l i g h t  o f  p r e s e n t  
knovjleclgo I t  I s  p ro b a b le  t h a t  th e  tx?o g e n e ra  A u ro co ccu s  and  
A3,bo Cog oils g o rre a p o h d  to  th e  g en u s  B ta p h .v l 0 co e ou b % senl>ach#
Although ' Z o p f  had d iecoverêd a red pigmented coccus i?hich 
he named ‘Rhodocoecuà',in  1 8 9 1 »  i t  wae'Winslow Winslow ( 1 9 0 8 )  
who in troduced  th i s  genua fo r t h e t i m e  in to  à c la a s lf i»  
ca tio n  sehemo of the  GoCoaceae* and they d if fe re n t ia te d  3-t. K mwM.L.huw .u.duoi f ■
from , t h e  g e n u s  111crocoecus s o l e l y  on th e  p ro d u c t io n ,  o l  a  r e d  
,y p igm en t#  The g en u a  H hodococcus was r e c o g n is e d  by B ergoy i n  
t h e  f i r s t  f o u r  e d i t i o n s  o f  Bergey*© M anual (1 9 2 3 , 1925 , 1930 
an d  1934) an d  'by a  few ta x o  mom l a t a  s i n c e ,  e . g  # K lû y v o r &
Van H ie l  ( 1 9 3 6 ) , Pahm ( 1 9 3 7 ) # b u t  m ost m odern ta x o n o m is ts  now 
r e g a r d  p in k  p ig m e n te d  m ic ro c o c c i  a s  b e in g  s p e c i e s  i n  th e  g en u s  
MacrQOQccus# , .
The 25 ' y e a r s  fo l3 ,o?/ing  th e  v/ork o f  t h e  WimsXo?/© (1908) 
h a v e  shown t h a t  th e  ta x o n o m la ts  o f  t h a t  t im e  w ere not. c e r t a i n  
o f  th e  r e l i a b i l i t y  o f  th e  Gram s ta in »  a t  l e a s t  w i th in  th e  f a ia i ly  
CoccadoaQ * F o r  w h e re a s  B uchanan i n  191? and l a t e r  i n  1930
» 9
a g re e d  w ith  th e  r e s u l t s  o f  Win slow  Et WlnaXow (1 9 0 8 ) ,  i n  t h a t  
s p e c i e s  o f  th e  genua  Bta p h y lo c o c c u s  a r e  u s u a l l y  Gram’, p o a i t iv ©  
a n d . t h a t  a p e d  o s  o f  th e  genua M icro  co ocua a r e  u s u a l l y  Gram 
n e g a t i v e .  M ucker (1 9 2 4 a ,b # )  fo u n d  t h a t  when h e  s t a i n e d -316 
s t r a i n s  o f  th e  g en u s  M icro co o q u a  by f i v e  d i f f e r e n t  m e th o d s 
( a l l  c a l l e d  Gram s t a i n )  h e  o b ta in e d  c o m p le te ly  d i f f e r e n t  
r e s u l t s .  B orgey  i n  h i s  M anual ( 3 rd  E d i t i o n ,  1930) and  J a n k e  
( 1 9 3 0 ) considerG cI t h a t  b o th  t h e  g e n e ra  B tap liy lo cp q q u o  and  
M lcro p o p cu s  c o u ld  bo d e f in e d  a s  g e n e r a l l y  Gram p o s i t i v e .
Kahn ( 193? )  p o se d  th e  q u e s t io n  t h a t  th e s e  v a ry iln g  o p in io n s  
m ig h t be  b ro u g h t  a b o u t  by a  ch an g e  i n  th e  c o m p o s it io n  o f  th e
dyes sinoG  1908.
I n  1929 P rib ra m  r e p la c e d  t.Ue f a m ily  name C o ccaceae  by a  
ne\7 name ! j ic ro g o c c a c e a e  b e c a u s e  h e  s t a t e d  t h a t  A r t i c l e  21 o f  
th e  code o f  B o ta n ic a l  H o m en o ia tu re  s p e c i f i e d  t h a t  f a m ily  nam es 
a r e  to  b e  " d e s ig n a te d ' by th o  name o f  one o f  t h e i r  g e n e ra  o r  
a n c i e n t  g e n e r i c  n am es**(C om m ittee o f  th o  S o c ie ty  o f  A m erican  
B a c t e r i o l o g i s t s ,  193.?) and  h e n c e  h e  c o n s id e r e d  t h a t  th e  name 
CQccacoao was i l l e g i t i m a t e .  F o u r  y e a r s  l a t e r  th e  s i g n i f i c a n c e  
o f  th o  Gram s t a i n  i n  t h i s  g ro u p  o f  o r g a n ia ^ s  was, ended  o n ce  and  
f o r  a l l  v/hen, 3?ribram  (3,953) c o m p le te ly  rC ? do f in e d  th e  f m i l l y  
'M icroC O ccaceae to  in c lu d e  Grai'ii p o s i t i v e  c o c c i ,  o c c u r r in g  s i n g l y ,  
i n  p a i r s , t e t r a d s ,  p a c k e t s ,  i r r e g u l a r  m a sse s  o r  oven  i n  s h o r t  
c h a in s .  A lth o u g h  t h i s  d e f i n i t i o n  i s  a  b ro a d  one i n  p r e s e n t
»  x o  »
day k n o w led g e , h e  d id  r e s t r i c t  t l ia  f a m ily  to  I n c lu d e  o n ly  Gram 
p o s i t i v é  t r u l y  - s p h e r ic a l .-  c o c c i  » . th e . gémxs B tro p t.Qooccua Was a tw .>• , , _ J , -V^ mi.mrniKtnWnM'i iii |if. hi'UK\4*KL«*«»ilo, i ‘ < ■ .
l a s t  e x c lu d e d  from th e  fam iX y ,, ' From 1935 u n t i l  t h e  p r e s e n t  day 
th e  fm iilly  H io ro c o c c a c e à é  h a s  changed  l i t t l e  i n  d e f i n i t i o n *  th e  
o n ly  e x c e p t io n a  b e in g  i n  th e  c l a a a i f i q a t i o n s .  o f  k lu y v e r  & van  
l i e l  (1936)»  P re v o t  {19¥>, 1948)# . T e a ic  (1 9 3 ?) an d  ■ IC rasslln ik o v  "' ' .
( 1 9 5 9 ) I who h a v e  r e v e r t e d  to  th e  p r e »1933 c o n c e p t io n  o f  th o  famil^^ add  
in c lu d e  t h e  g e n e ra  B tre n to c o c c u a  and  N e is s e r i a # E v e n 'th e  number- 
and  nam es of. g e n e ra  o f  c o c c i  w i th in  th e  M ic ro co .ccacèao ' h av e  
a l t e r e d  c o n s id e r a b ly  i n  th e  l a s t  two' d ecad es»  th u s  a d d in g  to  th e  
a l r e a d y  e x i s t i n g  c o n fu s io n  o f  th e  taxonom y o f  th e  f a m i ly # T a b le  1 . 
ahowe th e  g e n e r i c  nam es o f  Gram p o s i t i v e ,  t r u l y  s p h o r io a l  c o c c i  and . 
a l s o  t h e  num ber o f  a p e c io a ,  m in o r  g ro u p s  and su b g ro u p s  w i th in  each  
gemiB a s  u se d  by V a rio u a  ta x d n o m is ts  i n  th e  l a s t  25 y e a rs *  I t  
can  be  aeon  fro îâ  th e  t a b l e  t h a t  x^hereas c o n t r i b u t o r s  to  B ergey  * s  
M anual ( 6 th  E d i t i o n  1948# ? t h  E d i t i o n  195?) c l a s s i f i e d  s t r i c t l y :  . 
a e r o b i c ,  f à ê ù l t a t l v e l y  a o r o b ic  and  s t r i c t l y  a n a e r o b ic  c o c c i  w i th in  
th e  fa m ily  M io ro c o o c a c e a e # none o f  th e  m ore r e c e n t  tax o n o m ic  
s t u d i e s  o f  s t r a i n s  i n c lu d e  t h e  ax iae ro b io  c o c c i  w i th in  t h i s  fam ily #  
In d eed »  th e  s t r i c t l y  a n a e r o b ic  c o c c i  a r e  th e  l e a s t  c l a s s i f i e d  o f  
a l l  t h e . m em bers o f  th e  Mi o r  o co c ca c  ea e  and r e q u i r e , even  m ore th a n  
th e  s t r i c t l y  a e r o b i c  and  f a c u l ta t iv e 3 - y  a e r o b ic  s tra ln B » .e x h a u s t iv e  
tax o n o m ic  s tu d ie s #  The s t r i c t l y  a e r o b ic  an d  f a  o u i t a t  i v e ly  
a e r o b ic  members o f  th e  f a m ily  H ic ro g o cc a o e a e  h av e  n o t  boon f u l l y
»  1 1  w
cX a sB if ie tl i n  r e g e n t  y e a r s ,  d e s p i t e  many a t t e m p ts  to  do a o .
Most- o f  th e  o l a s a l f l o a t l o B  schem es p u b l is h e d  I n  th e  l a s t -  
s i x t e e n  y e a r s  h av e  In v o lv e d  o n ly  a  s m a ll num ber o f  s t r a l n e ,  
e# g . th e  49 III 11 (1959) and  th é  3? o f  H oaypal e t  a l ,  (1 9 6 6 ) , 
o r  h av e  made u s e  o f  a  l i m i t e d  num ber o f  o h a r a c t e r a ,  e .g .  th e  
f o u r  c h a r a c t e r s  o f  Shaw e t  a l .  (1951)*  o r  h av e  been  d e v is e d  from 
s t r a i n s  I s o l a t e d  m a in ly  from one h a b i t a t ,  e . g .  fe rm e n te d  m eat » 
P o h ja  ( i 960) ,  human mouth » P ik e  ( 1962) ,  a o a  w a te r  » A nderson  
(1962) and  bacon  » B aird»Pax’*ker (1963)*  A lth o u g h  o o n t r l b u to r s  
(T a b le  1) t o  B or gey *s M anual (1957) c l a s s i f i e d  t h i s  g ro u p  o f  
o rg a n ism s  th o ro u g h 3 ,y , t h e i r  schem e i s  a r t i f i c i a l l y  c o n s t r u c te d ,  
b e in g  b a se d  on d lch o to m o u s k e y s  o f  a  few c h a r a c t e r s ,  and  i s  
much c l o s e r  to  an  i d e n t i f i c a t i o n  schem e th a n  a  c l a s s i f i c a t i o n  
schem e. T h u s , t h e r e  i s  a  r e a l  n ee d  f o r  an  A d an ao n ian  c l a s B l f i -  
c a t i o n  scheme b a se d  on th e  o b s e r v a t io n  o f  a  l a r g e  s e l e c t i o n  o f  
c h a ra c te r©  e x h ib i t e d  by many a e r o b ic  and  f a c u l t a t i v e l y  a e r o b ic  
s t r a i n s  o f  th e  fa m ily  M ic ro c o c c a c e a e , i s o l a t e d  from a  v a r i e t y  
o f  h a b i t a t s .
Table 1
m herioa]. ooooi have 
aaaj:§ijL.M bfag^m »„oy M a o ^  are a l ^  i w #
'A u th o rs
6th  e d i t io n  o f 
B e rg e y * s  ï fe u a X
c o n tr ib u to rs  » 
î ju c lœ rp  19 4 3 ; 
B r e e d ,  19431 
& H a ll , 1944 
Abd»ôl-IÆ ale2c &
Shav/ e t  a l .
3't A> yw-tr#t ra^xiS"
7t h  e d i t io n  o f  
Bergey*s Manual
(1957);
c o n tr ib u to rs  » 
Biiiit» 1949? 
D ouglas, 1954? 
B reed, 1954# 1955? 
B ark e r, 1955? 
Huoker, 1954*1955? 
K A ® £ e M s .U 9 1 S „ ^
Pohja ( 19(30)
'Inderson ( 1962) 
Pile© ( 1962)t.-♦v-V-'WTf
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W,B.. The gejiera lethm ogoccra  oitd Peptooocous contain
only s t r i c t  anaenobes.
4. in c lu d es  sp ec ies  v/liioli a re  s t r i c t  anaerobes, 
an appendix o f 609 named "sp ec ie s"  o f th e  fo llo w to g  genera^  
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The g e n e ra  M ic ro c o c c u s  and  Bta p h y 1 o co ccu e
T h e re  Im e b e e n / a n d  a t lX l  l S |  c o n fu s io n  o v e r  t h e  nomen­
c l a t u r e  and  c l a s s i f i c a t i o n  o f  m ic ro c o c c i  and  s t a p h y lo c o c c i .
The m ain  p ro b lem  i n  n o m e n c la tu re  o f  th e s e  g e n e ra  a r o s e  a s  e a r l y  
a© 1872 when Cohn u se d  th e  g e n e r i c  name M ic ro c o c c u s , b e c a u se  he  
w orked w ith  a  miaïod c u l t u r e ,  and  u n f o r tu n a te ly  h i s  ty p e  a p e c le a  
MicroCOecu© l u t e u a  h a s  so  f a r  n o t  been  r e - i s o l a t e d  -  t h a t  i s  to  
aay  t h a t  no o rg an is ra  h a s  been  found  to  f i t  h i s  o r i g i n a l  
d e s c r i p t i o n  (G ib s o n ,1953? Bvana e t  a l . , 1953)#  The b a c t e r i a l  
ta sm n o m la ta  o f  th e  l a t e  l 9 t h  a n d  e a r l y  2 0 th  c e n t u r i e s ,  h o w ev er, 
w ere  n o t  c o n c e rn e d  w ith  th e  t e c h n i c a l i t i e s  o f  th e  nam ing o f  
b a c t e r i a ,  s in c e  thc^re was no code f o r  th e  g u id a n c e  o f  
b a c t e r i o l o g i s t s  u n t i l  191?# U n t i l  th e  e a r l y  1940^8 ta x o n o m is ts  
w ere  l o s s  I n t e r e s t e d  i n  d l e t i n g u i s h i n g  betw een  th e  g e n e ra  
M ic ro cooCUB and B ta n h y lo c o c c u a  th a n  th e y  w ere  i n  d i s t i n g u i s h i n g  
th e  p a th o g e n ic  from  th e  s a p r o p h y t ic  Gram p o s i t i v e  c o c c i ,  and 
t h e r e  was l i t t l e  a t te m p t  to  lo o k  f o r  d i f f e r e n t i a l  c r i t e r i a  f o r  
t h e  two g e n e ra  o r  to  e s t a b l i s h  t h e i r  c o r r e c t  n o m e n c la tu re *  
B etw een 1943 and  1 9 5 9 , h o w ev e r, t h e r e  was c o n s id e r a b le  c o n t r e -  
v e re y  r e g a r d in g  th e  d iv id in g  and  naiaing  o f  t r u l y  s p h e r i c a l  c o c c i .  
The o p in io n  o f  A bd-eX -M alek & G ibson  (1948) w as t h a t  **the 
d i s t i n c t i o n  b e tw een  S ta p h y lo c o c c u s  and M ic ro c o c c u s  i s  a t  p r e s e n t  
q u i t e  in d e f in i te * * ,  a l th o u g h  t h e i r  own work showed t h a t  th e
-  13 -
S ta p h y lo c o c c u a -H ic rq c o o c u s  com plex a p p e a re d  to  be i n  a  l i n e a r  
e e rx o s  w ith  th e  p a th o g e n ic  s ta p h y lo c o c c u s  a t  one ex tre m e  and  th e  
th e rm o d u r lc  s a p ro p h y te  a t  th e  o t h e r .  I n  t h e i r  c o n t r 'lb u t io n s  
to  th e  6 th  e d i t i o n  o f  B e rg e y ’ s  M anual (1 9 4 8 ) , H ucker (1943) 
and  H a l l  (1944) d e p a r te d  from  th e  tax o n o m ic  p o s i t i o n  ta k e n  by a l l  
p r e v io u s  e d i t i o n s  o f  B orgey * s  M anual (1 9 2 3 , 1 9 2 5 , 1 9 3 0 , 1 9 3 4 , 1939) 
t h a t  S ta p h y lo c o c c u s  was s e p a r a b le  from M ic ro c o c c u s , when th e y  
e x p re s s e d  th e  v ie w , w ith o u t  g iv in g  a  r e a s o n ,  t h a t  a l l  Gram 
p o s i t i v e  t r u l y  s p h e r i c a l  c o c c i ,  e x c lu d in g  t e t r a d -  and  p a c k e t -  
f o rm e rs ,  w ere  a l l  members o f  th e  g en u s  M ic ro c o c c u s . Shaw ^  a l . 
( 1 9 5 1 ) d if fe a re d  l i t t l e  from  H ucker (1943) and  H a l l ’ s  (1944) p o in t  
o f  v iew  a s  f a r  a s  c l a s s i f i c a t i o n  was c o n c e rn e d , when th e y  
c o n s id e r e d  t h a t  a l l  a e r o b i c ,  Gram p o s i t i v e ,  c a t a l a s o  p o s i t i v e  
c o c c i  s h o u ld  b e  p la c e d  i n t o  one g e n u s , b u t  s i n c e  Cohn’ s  (1872) 
ty p e  s p e c i e s  o f  M ic ro c o c c u s , d o es  n o t ,  and  d id  n o t ,  e x i s t ,  i n  
th e  o p in io n  o f  Shaw e t  a l .  (1951) th e  name M ic ro c o c c u s  i s!■ I'M* fwm#»  ^ I iii.inriii ■,■ #,%i
i l l e g i t i m a t e .  I n s t e a d  th e y  ch o se  th e  name Bta p h y lo c o c c u s  f o r  
t h i s  one  g en u s  a n d , th e r e f o i r e ,  so f a r  a s  n o m e n c la tu re  i s  
c o n c e rn e d , Shaw aX. (1951) d i f f e r  from a l l  p r e v io u s  
ta x o n o m is ts  s tu d y in g  t h i s  g ro u p  o f  b a c t e r i a .
From a  c l a s s i f i c a t i o n  p o in t  o f  v ie w , Van E s e l t i n e  (1955) 
was i n  a g ree m en t w ith  th e  o p in io n s  o f  H ucker (1 9 4 3 )?  H a l l  (1944) 
and  Shaw ^  a l*  (3.951) v;hen he  came to  th e  c o n c lu s io n  t h a t  t h e r e  
was i n s u f f i c i e n t  e v id e n c e  i n  th e  l i t e r a t u r e  to  s u p p o r t  th e
— 1 4  "
r e p a r a t i o n  o f  th e  two g e n e ra ,  b u t he  was l e s s  dogznatlc a b o u t 
th e  nam ing o f  th e  genu© ®*al th o u g h  M icro  c o c cu s  Cohn 18?2 
c l e a r l y  ha© p r i o r i t y  and  w ould a p p e a r  to  b e  th e  nmne o f  c h o ic e  
p ro v id e d  o n ly  t h a t  a  s u i t a b l e  c u l t u r e  can  be found  to  conform  
to  th e  d e s c r i p t i o n  o f  th e  ty p e  species** . E le k  ( 1959 ) ,  
h o w ev e r, c o m p le te ly  a g re e d  w ith  Shaw e t  a l ,  (19 5 1 ) a s  f a r  a s  
b o th  c l a s s i f i c a t i o n  and  n o m e n c la tu re  w ere c o n c e rn e d .
The u n c e r t a i n t i e s  i n  th e  m inds o f  ta x o n o m is ts  c o n c e rn in g  
th e  n o m e n c la tu re  and  c l a s s i f i c a t i o n  o f  m ic ro c o c c i  and  
s ta p h y lo c o c c i  w ere p a r t l y  r e s o lv e d  by E vans ^  (1955) when
th e y  sepE tratecl th e  tvio g e n e ra ,  Mlcx^ococcus and  E ta p h y lo c p c c u e  
on th e  b a s i s  o f  f e r m e n ta t io n  o f  g lu c o s e  w ith  p r o d u c t io n  o f  a c id  
u n d e r  a n a e r o b ic  c o n d i t io n s ;  th o s e  s t r a i n s  w h ich  d id  so  he 
c o n f in e d  to  th e  genua Bta p h y lo c o  ecu a  * th o s e  t h a t  d id  n o t ,  o r  
p ro d u c e d  a c id  o n ly  I n  a e r o b ic  c o n d itio n © , he p u t  i n  th e  genus 
M ic ro co o ous .  D i f f e r e n t i a t i o n  betv ;een  th e  two g e n e ra  by t h i s  one 
c r i t e r i o n  -  a s  f a r  a s  c 3 .a s s l f l c a t i o n  and  i d e n t i f i c a t i o n  a r e  
co n c e rn e d  -  h a s  b een  a c c e p te d  by B reed  (1955) i n  th e  y th  
e d i t i o n  o f  B o rg ey ’ s  M anual ( 1 9 5 ? ) s M ossel (1 9 6 2 ) , B a ird -P a rk o r  
( 1 9 6 3 , 1965a.) an d  th e  .S ubcom m ittee  on Taxonomy o f  S ta p h y lo c o c c i  
and  M icro  c o c c i  (19656).
A lth o u g h  th e  work o f  E vans e t  a l*  (1955) was an  im p o r ta n t  
s t e p  fo rv /a rd  i n  th e  taxonom y o f  th e  fa m ily  M io ro c o c c a o e a e . 
m a t r ix  d ia g ra m s  o f  © im i la r i ty  c o e f f i c i e n t s  i n  th e  A d an so n ian
-  15
c l a e a i x i c a t i o B  schem es o f  H i l l  (1 9 5 9 ) , P o h ja  ( i 960 ) and 
H oaypal ht al^  (19 6 6 ) do n o t  rU id lca to  th e  e x i s t e n o e  o f  two 
c l e a r l y  d e f in e d  n a t u r a l  g ro u p s  w hich  c o r re s p o n d  to  th e  g e n e ra  
M icroC O ecus and  B tap h y lo c o c cu s*  I n  th e  w ords o f  B i l v e a t r l  & 
1113,1 (1965a )  " a t t e m p ts  t o  f in d  a  s i n g l e  c h a r a c t e r  w h ich , 
in d e p e n d e n t ly ,  can  s e p a r a t e  two g ro u p s  su c h  a s  a t a p h y lo c o c c l  
and  a i lc r o c o c c i  ax*o * .*  bound to  f a l l " *  T hus i t  may b e ,  t h a t  
th e  s t a t e  o f  f l u x  i n  th e  taxonom y o f  th e  g e n e ra  M icro co ccu s  
an d  B ta p hy lQ coocua w hich  h a s  e x i s t e d  s in c e  th e  l a t e  1 9 th  
c e n tu r y  w i l l  c o n t in u e  f o r  some y e a r s  to  come.
The g en u s B ar.c ina  G o o d s ir  I 842 
The g en u s  B a re in a  i s  r e c o g n is e d  by some m odern a u t h o r i t i e s  
(S m lt ,  1949, and  B re e d , 1 9 5 5 ,i n  th e  ? t h  e d i t i o n  o f  B e rg e y ’ a 
M anual, 1957? K r a s a i ln ik o v ,  1959 ; F i k e ,1962 ; B a i r d - P a r k e r ,
1963) ,  b u t  o t h e r  m ic r o b ia l  tax o n o m ist©  a r e  o f  t h e  o p in io n  t h a t  
th e  d iv id i n g  l i n e  b e tw een  t h e  g en u s  M ic ro co cp u a  and  th e  g en u s  
B a rc ln a  i s  o b s c u re  {Abd-el«-M alek & G ibson* 1 9 4 8 : Shaw e t  a l*....  * * W
1 9 5 1 j K ocur & M a r t in e c ,  1962 ; B a i r d - P a r k o r ,  1 9 6 5 a ) , and  i n  
f a c t  K ocur & H a r t ln e c  ( I 9 6 2 ) an d  B a ir d -P a r k e r  ( 1965a )  c o n s id e re d  
t h a t  th e  name M icro  co c c u s  l u t  eu© l e  aynonoinoua w ith  th e  name 
S a r c ln a  l u t e a * A lth o u g h  B reed  (1943) and S m lt (1949) I n  th e  
6 th  and  ? t h  e d i t i o n s  o f  B e rg e y ’ s  M anual r e s p e c t i v e l y  s t a t e d  t h a t  
th e  g en u s  S a r c ln a  c o n ta in s  b o th  a e r o b ic  and  a n a e r o b ic  s p e c i e s ,  
ih aw  ^  ( I 95I )  and  Cowan (1962) w ere o f  th e  o p in io n  t h a t
^ 3.5 -
t h e  namê B a rc in a  s h o u ld  be  r e s t r i c t e d  to  a n a e r o b ic ,  p a c k e t -  
fo rm in g  c o c c i ,  s in c e  th e  sp ec ie ©  on v;iilch th e  g en u s  was 
fo u n d e d , ty p e  s p e c i e s  S a r c ln a  v e n t r i c u l l  O o o d s ir  184-2, i s  a  
s t r i c t  a n a e ro b e . S in c e  t h e r e  h a s  been  no A d an ao n ian  c l a s s i ­
f i c a t i o n  o f  a e r o b ic  and  a n a e ro b ic  s p e c ie s  o f  S a rc ln a *  i t  i s  
n o t  p o s s i b l e  to  know how many n a t u r a l  g ro u p in g s  o c c u r  i n  t h i s  
g e n u a . O b v io u s ly  m ore tax o n o m ic  s t u d i e s  a r e  n e c e s s a r y  b e f o r e  
an y  d e f i n i t i v e  p o s i t i o n  can be ta k e n  on th e  taxonom y o f  th e  
g en u s  S a r c in a .»W»ti*iifi<vgW=cWi2*
The genua  G affk y a  T re v is a n  1885 
G affk y a  was r e i n s t a t e d  a s  a  g en u s by P ro v o t  (1953) to  
c o n ta in  Gram p o s i t i v e  c o c c i  o c c u r r in g  i n  c l u s t e r s  o f  t e t r a d s  
l y i n g  i n  one p la n e .  T h is  same g enus v/aa r e c o g n is e d  by B ergoy 
(1934) i n  th e  4 th  e d i t i o n  o f  B a rg e y ’ s  M an u al, K lu y v e r  & van  
H ie l  (19 3 6 )> B ergey  (1 9 3 ?) and  H ucker (1943) i n  th e  3 th  and  
6 th  e d i t i o n s  o f  B e rg e y ’ s  M anual r e s p e c t i v e l y ,  P r e v o t  (1 9 4 8 ) , 
B reed  (1 9 3 3 ) ,  i n  th e  ? t h  e d i t i o n  o f  B e rg e y ’ s  M anual, and  
P ik e  i n  1962* The o p in io n  o f  ta x o n o m is ts ,  on th e  w h o le , i n  
r e c e n t  y e a r s ,  h o w ev e r, i s  t h a t  th e  genus G affk y a  s h o u ld  be 
ab an d o n ed ; A b d -e l-M a le k  & G ib so n  (1 9 4 8 ) , Shaw ^  (1 9 3 1 ) ,
M ossel ( 1 9 6 2 ) ,  B a i r d - P a r k e r  (1 9 6 5 , 1963a) and P o s y p a l ^  a l . 
( 1966) do n o t  u s e  th e  g e n e r ic  name a t  a l l *  I t  i s  w o rth  
n o t in g ,  h o w ev er, t h a t  ta x o n o m is ts  who do n o t  a c c e p t  th e  
g e n e r ic  name G a ffk y a . have  n o t ,  i n  f a c t ,  exam ined  s t r a i n s  from
— 1? —
th e  human m ou th , and  th e  o n ly  sn e c d e a  o f  G a ffk y a  l i k e l y  to  
be  c l a s s i f i e d  by th e s e  ta x o n o m is ts  i s  Gaf fk y a  te tra f^ m m , 
w hich  d a  found  s o l e l y  I n  th e  human r e s p i r a t o r y  t r a c t s  ( th e  
o th e r  a p e d ie 8 a r e  r a r e l y  e n c o u n te r e d ,  and  a r e  fou n d  i n  l i t t l e  
s tu d i e d  h a b i t a t s ,  !♦©• G affk y a  hom ard o c c u rs  I n  d is e a s e d  
l o b a t o r 8 , and  G a ffk y a  a n a e r o b la  o c c u rs  I n  th e  l a r g e  i n t e s t i n e  
o f  th e  h o r s e  and  human fe m a le  g e n i t a l  t r a c t ) *  I t  i s  
u n l i k e l y ,  t h e r e f o r e , ,  t h a t  any o f  th e s e  ta x o n o R iis ts  s tu d i e d  
s t r a i n s  w hich  w ere  t e t r a d  fo rm e rs ,  a n d  f o r  t h i s  r e a s o n  th e y  
w ould n o t  be  j u s t i f i e d  i n  e x c lu d in g  th e  g enus from  th e  
fm m ily M ic ro co co aceae*  H e v e r th e lo s s ,  P ik e  (1962)*  who
c e r t a i n l y  exam ined s t r a i n s  o f  Gram p o s i t i v e ,  o a t a l a s e  
p D sitiv ©  c o c c i  from  th e  human m ou th , u s e d  few  c h a r a c te r a  
to  80% m rate à a f # y a  from o t h e r  g e n e ra  (T a b le  4 ) .
I n  c o n c lu a lo n ,  t h e r e f o r e ,  t h e r e  seem s to  be l i t t l e  
e v id e n c e  o f  th e  e x i s t e n c e  o f  a  n a t u r a l  g ro u p ’i n  th e  fa m ily  
H ic ro c o c o a c e a e , a  g ro u p  t h a t  c o u ld  be g iv e n  g e n e r i c  s t a t u s  
b a s e d  on th e  d e f i n i t i o n s  o f  B reed  (1955) an d  P ik e  (1962) and 
named G a ffk y a , b u t  t h e r e  i s  c l e a r l y  sc o p e  f o r  an  A danaon ian  
c l a s s i f i c a t i o n  o f  Gram p o s i t i v e ,  c a t  a l a s  e x jo e i t iv e  c o c c i  
from  human and  a n im a l m o u th s , w lilch vm uld s e t  t i e ,  o n ce  and 
f o r  a l l ,  t h e  q u e s t io n  o f  th e  e x i s te n c e  o f '  th e  g en u a , Q a ffk y a * 
w i th in  th e  M icro co q caceao *
X8 —
The g e n u s -B p o ro s a rc im  O r la - J  ensem 1909
The i n t e r e s t i n g  n a t u r e  o f  B a rc in a  urea©  ( B e l jo r ln c k )  
LÔ Îm ie,- th e  o n ly  r e p r e s e n t a t i v e  o f . i h o  c o c c i  t h a t  i s  m o t i le  
and  p ro d u q o s  .en c lo sp o res ,, was n o te d ' by Orla*^Jo.nson (1909)?  and  
ho  p la c e d  th e  ë p ë c le s  i n  a  new g e n u s , S p o ro e a r o in a * The 
g e n e r i c . name S p o r o s a r c ln à .. was o n ly  - u s e d  o n ce  ag a in -  i n  a  ’■ 
c l a s s i f i c a t i o n  scheme^, t b a t  o f  Kluyver .& van  K ie l  (1 9 3 6 ) .
A l l  O th e r  -tax o n o m ists- have* u n t i l  r e c e n t ly ; ,  o o n s id e re d  th e  
s p e c ie s ,  to  be an  ahom alou© member o f  th e  g en u sh S a r c l n a . i n  
t h e  f a m ily  M lcx'ococoaoeao* M acDonald (1962) # iCocur &
Mar t i n e a  (196.3b) and-ffeiaahec ^  a^ * .-(1965) i , o a  . th e  o th e r  h a n d , 
r e j e c t e d  i t  from th e  M lC rococbaceao  oh th è  evzldence. o f  , 
m o rp h o lo g ic a l ,  p h y a lo lo g ic a l  an d  ce ll'-  c o m p è s it lb n  a tu  d i e s .  
T h ese  ta x o n o m is ts  c o n s id e re d  t h a t  th é  s p o re  s t r u c t u r e  and  
o l l i p e o i d a l  n a tu r e  Of th e  c e l l s  e x c lu d e d  them  from  b e in g  
t r u l y  s p h e r i c a l  c o c c i  and  t h e  ab o v o -m en tio n o d  a u th o r s  d e c id e d  
t h a t  th e  g en u s  S p o ro sa x ^ c ih a .im a m ore c l o s e l y  r e l a t e d  to  • th e  
f a m ily  )3 a c i l la c o a e  th a n  to  ' t h e  " fam ily  M ic ro c o o c a o e a e * I t  
seems-* th e re fo r e * ,  t h a t O s p o ro s a rc in à  u re a o  i s  n o t  a  membor -o f
- th e  f # i l y  M M l.se ,smca&g^... ' . . /  . /  - . /  /  "
' ''
The y th  e d i t  io n  'o f  B e rg e ÿ ’,s 'M a n u a l.- (1 9 5 ?) p r e s e n t s  
c 3 .a s s if ic a t io n ; ,a c l ie n ‘i;e.s'Of the- 3. i t  t i e ,  s tu d i e d ' 'a n a e r o b ic  ' 
g e n e ra  m t h a ù o c o c c ü a /(Bar^^ 1955) an d  g ^ o o q ^ c u s  (Doug^^ 
1954) j b u t no taxonom io  s t u d i e s  o f  th e s e  g r o u p s .o f  o rg a n ism s  
h av e  b een  c a r r i e d  o u t  s in c e ''' th e n ;  n o r  h a s  any  tzm onom ic
19 *
a t t e n t io n  been p a id  to  th e  anaereoMo e p e c le s  o f  th e  genus 
S a r c ln a , s in c e  t h e ir  c l a s a l f l c a t i o n  in  th e  same e d i t io n  o f  
B èrg ey ’ s  Manual (1937) by Sm it (1 9 4 9 ) . 01e a r ly  th e  o n ly
auth oIm ita tive  c l a a s i f i c a t i o n  ao fa r  o f  s t r i c t l y  a n a ero b ic , 
s n e c ié s  w ith in  th e  fa m ily  M icrogocca cea e  i e  to  be found in  th e  
7 th  e d i t io n  o f  B orgay’ s  Manual (1 9 5 7 ) ,
The s p e c ie s  o f  th e  gen era  M icrococcus and S tap h y locoocu b  
There a re  many p.robloms concerned  ? /ith  th e  nom enclature  
and i d e n t i f i c a t i o n  o f  M icroco ccu s and Staph^flococcu b  s p e c ie e ,  
but th e s e  problem s have a r is e n  b ecau se no stan d ard  c l a s s i f i ­
c a t io n  scheme o f  th e s e  s p e c ie s  h as been u n iv e r s a l ly  accep ted*  
The fo l lo w in g  s e c t io n  o f  th e  rev iew  o f  th e  l i t e r a t u r e  d e a lin g  
w ith  th e  taxonomy o f  th e  s p e c ie s  o f  M icrococcus and 
StaphylQ GOccue shows th e  la c k  o f  agreem ent among ta x o n o m ists  
in  d e f in in g  th e s e  s p e c ie a ,  and t h i s  has le d  in  tu rn  to  th e  
c o n s id e r a b le  c o n fu s io n  o f  nom enclature and i d e n t i f i c a t i o n  o f  
th e s e  a p e c ie s  i n  th e  l i t e r a t u r e .
The s p e c ie s  o f  th e  genus Mioi'OjC^ccuB 
MicroCOecus l u te n s  (S c h r o e te r  1872) Oolm 1872
A lth o u g h  M icro co cd u a  l u te n a  i s  n o t now c o n s id e r e d  th e  
ty p e  s p e e i e s  o f  th e  genua by some a u th o x ^ i t ie s ,  o .g .  Shaw e t  a l .  
( 1951)? o t h e r  ta x o n o m is te  a c c e p t  t h i s  o rg an ism  to  be th e  t r u e  
ty p o  Bp e e l  06 (E v an s , 1935? H ucker 19348 i u  t h e  ? th
e d i t i o n  o f  B e rg e y ’ e M anual, 1957 ; Koc u r  & M a r t in e 0 1 9 6 2 ) . 
H ucker (1954)»  Koc u r  & M a r tln o c  (1962) an d  B a i r d - P a r k e r  (1965a )
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a g re e d  t h a t  M icro  coo e u s  l i i t e i i s  c o n ta in s  b io c h e m ic a l ly
i n a c t i v e  s t r a i n s ,  w hich  p ro d u c e  a  y e l lo w  p ig m e n t, b u t
H ucker (1954) d e f in e d  h i s  s p e c ie s  a s  b e in g  a b l e . t o  p ro d u c e
a c id  from  g lu c o s e ,  s u c ro s e  and m a im lto l ,  w h e re a s  Koc u r  &
M a rtin e c  (1962) c o n s id e r e d  t h a t  s t r a i n s  o f  t h i s  s p e c ie s  d id
n o t  u t i l i s e  any  mono- o r  d l - s a c c h a r id e s *  I n  f a c t ,  m ano-
m e t r i c  s t u d i e s  on  s t r a i n s  o f  M ic ro co c c u s  l u t o u s  by
K unhelm er & F a b ia n  (1942) and  K ooypal & Koc u r  (1963) have
shown t h a t  t h i s  s p e c i e s  i s  c a p a b le  o f  u t i l i s i n g  a  v a r i e t y
o f  c a rb o n  com pounds, i n c lu d in g  th e  ^ su g a rs^  g lu c o a e ,  s u c ro s e
and  m a l to s e ,  b u t  i t  seem s t h a t  l i t t l e  a c id  i s  p ro d u ced  and
i s  n o t  e a s i l y  d e t e c t e d  i n  a  com plex medium . B a i r d -P a r k e r
( 1965a )  came to  th e  c o n c lu s io n  t h a t  M ic ro c o c c u s  l u t e u s  was
w eak ly  g l u c o s e - o x id i s i n g ,  o r  u n a b le  to  u t i l i s e  g lu c o s e  a t  a l l *
M io ro co co u s  r o s c u a  F lu g g #  1886
The name Mlcx^ç.coccu a  r q s e u s  a p p e a r s  to  h av e  u n i v e r s a l  
a c c e p ta n c e  a t  th e  p r e s e n t  t im o , e x c e p t t h a t  3haw e t  a l . (1951) 
r e f e r r e d  i t  to  th e  g en u a  8 ta p h y lo c d e c u s * f o r  r e a s o n s  g iv e n  on 
p ag e  13 > b u t  d e f i n i t i o n s  o f  t h i s  s p e c i e s  v a ry  c o n s ld e ra b X y .
Shaw e t  a3«* (3.951) c o n s id e r e d  th e  e s s e n t i a l  c h a r a c t e r s  to  b e ,«-«PM* - *r  ^ m
ooaguX aae n o t  p ro d u c e d , a c id  b u t  no a c e t o i n  p ro d u c e d  from 
g lu c o s e  and p ln li c o lo n j.e a  on a g a r  m ed ia . H u ck er (1954) i n  
B e rg e y ’ s  M anual (1937) d id  n o t  m e n tio n  t h a t  g lu c o s e  l a  
u t i l i s e d  b u t  He s t a t e d  t h a t  a p p a r e n t ly  g ly c e r o l  and  a a n n i t o l  
a re *  I f  g l y c e r o l  and  m a n n ito l  a r e  u t i l i s e d ,  h o w ev er, th e n
— 2 1  —
g lu c o s e  m u st be a3-so, u n le s s  s t r a i n s  o f  H ic ro c o c c u s  ro a e u s  
p o s s e s s  a  h i t h e r t o  u n d is c o v e re d  and u n iq u e  c a rb o h y d ra te  
m e ta b o l ic  p a th w a y . Koc u r  & M a r t in e c (1962) s t a t e d  t h a t  
g row th  o f  M icroCO ecus r o s e u s  s t r a i n s  i n  p e p to n e  w a to r  
c o n ta in in g  c a rb o h y d ra te ©  p ro d u c e d  no a c id  from  1? c a rb o ­
h y d r a te s  t e s t e d ,  in c lu d in g  g lu c o s e ,  g ly c e r o l  and  m a m ii to l .
B aird-Parkex '*  (1963a) came to  th e  c o n c lu s io n  t h a t  w h ereas  
some s t r a i n s  o f  Micsrcococcus r o s e u s  may be a b le  to  o x id i s e
g lu c o s e  v;eak3,y, t h e  d e t e c t i o n  o f  s m a ll  am oun ts o f  a c id
r e l e a s e d  i n t o  a  com plex medium i s  n o t  a lw a y s  p o s s i b l e  by 
o b s e rv in g  th e  change o f  c o lo u r  o f  a  pH in d ic a t o r *
O th e r  M icroC Oecu s  s p e c ie a
A l l  o th e r  s p e c i f i c  m ic x 'o co cca l nam es a r e  n o t  u n i v e r s a l l y  
a c c e p te d  a t  p r o s e n # . The num ber o f  s p e c ie s  l i s t e d  w i th in  th e
g en u s M icro  CO e c u s  h a s  v a r i e d  gx*eatly  i n  x*ecent c l a s s i f i c a t i o n  
schem es; th e  num bers range from  th e  p re p o n d e ra n c e  o f  609 
named " s p e c ie s "  c o l l a t e d  by H ucker (1943) an d  H a l l  (1944) i n
th e  6th  e d i t i o n  o f  B e rg e y ’ s  M anual (1948)»  an d  o f  60 s p e c ie s
c l a s s i f i e d  by K ra ss i3 .n ik o v  (1939) » to  th e  m o d est s e l e c t i o n  o f  
6 s p e c i e s  o f  Koc u r  & M a r tin e c  (1 9 6 2 ) .
M icrococoa], s t r a i n s ,  h ow ever, h av e  b een  c l a s s i f i e d  i n t o  
g ro u p s  o r  su b g ro u p s , r a t h e r  th a n  i n t o  s p e c i e a ,  by o th e r  
ta s fo n o m is ts  i n  r e c e n t  yeai*s, e . g .  P o h ja  ( i 960) ,  P ik e  ( 1962) ,  
B a ird -P a rk  ex' (1963) and  Rosy p a l  e t  a l .  ( I 9 6 6 ) , an d  th e s e  a r e
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l i e t o d  i n  T a b le  1*
The spGCles o f  th e  genus ,$ ta p h y  lo  co ecu  b
, h y lo c o c c u e  a u r e u s  R osenbach  1884
C o n tro v e rs y  h a s  a r i s e n  ax'ound th e  nam ing o f  th e  ty p e  
s p e c ie s  o f  th e  g en u s  g ta p h y lo c o c c u s . B reed  (1956) and  E le k  
(1959) w ere  o f  th e  o%)inion t h a t  th e  name o r i g i n a l l y  g iv e n  by 
R osenbach  ( I884) t o  th e  ty p e  s p e c ie s  was S ta p h y lo c o c cu s 
p y o g e n e s* b u t  Cowan (1955» 1956) m a in ta in e d  t h a t  Bta p h y lo c o c c u j 
a u r e u s , was th e  f i r s t  c o i 'r e c t  b in o m ia l nam e, u s e d  by H osenbach 
(1884) to  name o ra n g e  p u s - fo rm in g  s ta p h y lo c o c c i»  th e  ty p e  
S p e c ie s  o f  th e  g e n u s . I n  f a c t ,  th e  l a t t e r  name was d e c id e d  
ixpon by th e  J u d i c a l  Com m ission o f  th e  I n t e r n a t i o n a l  C om m ittee 
f o r  B a c t e r i a l  N o m e n c la tu re  (1958) f o r  th e  ty p e  s p e c i e s  o f  
th e  g en u s  B t a p h y lo co e c u s . As f a r  a s  c l a s s ! f i  c a t i o n  and 
i d e n t i f i c a t i o n  a r e  c o n c e rn e d , al3. s t . r a in s  o f  S ta p h y lo c o c c u s  
w hich  p ro d u c e  c o a g u la s e a r e  g e n e r a l ly  r e c o g n is e d  a s  b e lo n g in g  
to  th e  s p e c i e s  Sta p h y lo  co e c u s  a u r e u s .
I n  r e c e n t  y e a r s  when some ta x o n o m is ts  h a v e  p r e f e r r e d  to  
g iv e  num bers o r  l e t t e r s  r a t h e r  th a n  g e n e r ic  and  s p e c i f i c  
nam es to  t h e i r  c l a s s i f i e d  g ro u p s  o r  su b g ro u p s  o f  s t r a i n s  o f  
m ic ro c o c c i  and  s t a p h y lo c o c c i , th e  d e f i n i t i o n  o f  one g ro u p  o r  
su b g ro u p  a lv /ay s c o r re s p o n d s  to  t h a t  o f  S ta p h y lo c o c c u s  a u r e u s ,  
e . g .  su b g ro u p  l a  o f  P ik e  (1 9 6 2 ) , su b g ro u p  I  o f  B a i r d -P a r k e r  
( 1 9 6 3 » 1965a ) ,  g ro u p  ? o f  Rosy p a l  e t  a l ,  ( I 966) » (0?ables 1 ,
Table 2
C l a s s i f i c a t i o n  scheme o f  A M -e l-M a le k  & G ibson  ( 194B)
Differential Gharaetcra of the staphyloeocoi and nUcrocoGci of ndlk'’^
Stapliylofoc-ciis 'p’<uip
A B 0 D
Acid tVom glucose -1 - + +
IVII3 from arginine - t - ■t ■
Acetoin fo rm ation - 'r + -  or -  or
f'oagulase product ion
weak weak
Acid from inannito l - r - — V V
(Survival in milk a t  GO ' C. — - t — —
IÎO mill.I 
Acid from glycerol \ V V
















Principle aoiiree Dairy equ ipm entA nim al body 
V — variable.
* Uneoinm on exeepiiona are  m entioned in th e  tex t .
t  S trains showing slight survival, as indicated by the  occasional prodiielion of a  small num la 'r  ol’ colonie 
{< lU) when the  h ea ted  suspension is p la ted , are regarded as being killed ( -  }.
Table 3
C l a s p j f i c a t i on scheme o f  Shaw 







Subgroup 2 Pink pigment
I
+  —
Subgroup 4 Subgroup 8
Subgroup 1 = S ta p h y lo c o c c u s  a u re u s
(c o a g u la s e  p o s i t i v e  s t r a i n s )
Subgroup 2 = s a p r o p h y t ic u s
Subgroup 3 “ l a o t i s
Subgroup /; -  Bj, r o s e u s
Subgroup 5 = a fe rm e n ta n s
Table 4
j G l a s s i f i c a t l o n  scheme o f  P ik e  (1962)
Typical characters of group I  (Staphylococcus) strains and 
a comparison of this group with the remaining groups
Teet No. of strains and réactions* of groups  ^ ,
la  Ib Ic Id II I lia  I llb  IV
(40) (102) (67) (63) (30) (7) (6) (31)
Ooagvdaset +  — — — — — — —
Maxmitol, anaerobiot +  — — — — — — —
Phosphatasot " i i ' — — — — — —
Haemolysisf 4- +  — — — — — —
Egg yolk reaotionf + - | -  — — — —
Acotoinf 4 ' 4 *  +  — 4 " d b  — —
Glucose, anaerobiot +  +  +  — db — — —
Gold-white smooth _ _
colonyt t- -r -r
15% NaCl brotht +  +
‘Clump* morphologyt +  +  — “ i  —
Hippuratet 4- +  +  +  ~ ± “ “
Tributyrint - j - - j -  +  +  ~ ± ±  +
Glucose, aerobiot ' f - f  +  +  +  +  ±  —
+ + + + + + -  +
♦ Reactions: - f , displayed by 76-100% of strains; ± ,  26-75%; —, 0-25%. 
t  Distinguishing characters of group I strains. J General characters of group I 
strains.
Typical bharacters of groups II  (G. tetragena), I I I  {miscetUmeous 
Miorooooous spp.) and IV  (Saro. lutea), and a comparison 
of these groups with group I
Teat No. of strains and reactions* of groups
 ______________________A______________________
la Ib Ic Id n H la n ib IV
(40) (102) (57) (63) (30) (7) (6) (31)
Colonies white, conical — — — — 4 — _
'Tetrad* morphology — — — — 4 4 4 —
Acetoin + 4 4 — 4 i 4 —
Nitrate reduction + + 4 ± 4 4 4 —
Glucose, aerobic + 4 4 4 j- 4 4 —
Optimum temp. 4 —
Tributyrin + 4 4 4 — 4 4 4
5% NaCl broth 4* 4 4 4 — 4 4 4
10% NaCl broth + 4 4 4 — 4 4 4
Starch — — — — — 4 4 4
Casein i 4: — — — — 4 4
‘Pocket* morphology — “ — — 4
Table 5
C l a s s i f i c a t i o n  scheme o f  B a i r d - P a r k e r  (1 9 6 3 s 196 5 a )
M ain  characters of subgroups within Group 1 (Staphylococcus 
Rosenback emend. Evans)
Subgroups
Characteristic I II III IV V VI
Coagulase + — — — — —
Phosphatase + ■ + 4 — — —
Mannitol (aerobic) + — — — — 4
(usually)
Mannitol (anaerobic) + — — — — —
(usually) (usually)
Acetoin + 4 — 4 4 4
Lactose + 4 V — 4 V
(usually) (usually)
Maltose + 4 — V 4 V
Growth a t 10° + — — — — —
(usually) (usually)
No. of isolates 24 854 24 63 19 00
v=variable
M ain  characters o f subgroups within Group 2 (Micrococcus 
Cohn eme7id. Evans)
Subgroups
Characteristic 1 2 8 4 6 0 7
Acid from glucose 4 4 4 4 4 4 -
(aerobic)
Phosphatase — — — — — 4 —
Acetoin 4 4 4 4 — — —
Average end pH 4 0 51 . 5-0 5 2 5 5 5 3 0-5
value in 2 % 
w/v glucose 
broth
Arabinose — — 4 V + —
Lactose — 4 V 4 4
(usually)
4





Mannitol 4 4 4
(usually)
4


















No. of isolates 17 8 76
v=variable
10 544 4 10
S t r a i n s  w hich  have s i m i l a r  c h a r a c t e r i s t i c s  
t o  th o s e  i n  M icrooocous subgroup  7? b u t  a r e  
r e d  p ig m en ted ,  a r e  p la c e d  in' Micro coccus 
subgroup  8 .
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2» 3» 4 ,  5» 12 an d  1 3 ) .
O th e r  S ta p h y lo c o c c u s  s p e c ie sjhvO'i 'iT.‘T> n~i:T!_-Ti
O th e r  s p e c i f i c  e p i t h e t s  o f  th e  g en u s  S ta p h y lo c o c c u s  
a r e  o f t e n  u s e d  w i th o u t  r e f e r e n c e  to  th e  o r i g i n a l  d e f i n i t i o n s ,  
w hich  a r e  g iv e n  b e lo w , e . g .  Loob o t  a l .  (1 9 3 0 ) , J a c o b s  e t  a l .w f »ir msm '  ^ ruti #"#
(196«t).
S taphylo coccus albus  -  sta p h y lococci other than Stanhyloccus
a u r e u s , t h e  two s p e c i e s  b e in g  d i s t i n g u i s h e d  o n ly  by p ig m e n t: 
H osenbach  (1884)*
Bta p h y lo c q c eu s  c i t r ous. -  lem on p ig m en ted  c o c c i ;  P a s s e t  (1885)*
eplÉ9Sl3;SS “ w hite pigmented co c c i;  Vîfinslov;
& Winelov; (1908).
SteEhylocojDCttB SSH SPiïLtiSiS ” coagulase n eg a tiv e  s tr a in s  o f
human an d  a n im a l o r i g i n ;  F a i r b r o t h e r  (1 9 4 0 ) .  The s p e c ie s  was 
r e - d e f i n e d  by Shaw ^  a l .  (1951) to  in c lu d e  c o a g u la s e  n e g a t iv e  
s t r a i n s ,  w hich  p ro d u c e  a c id  and  a c e to i n  from  g lu c o s e .  
S tE ^ iy lo c o c c i is  l a c . t i s  -  c o a g u la s e  n e g a t iv e  s t r a i n s  v;hich 
p ro d u c e  a c id  b u t  n o t  a c e t o i n  from  g lu c o s e  and  whose c o lo n ie s  
a r e  n o t  p in k ;  Shaw e t  (1 9 5 1 ) .*» r ÉtXiPWl ‘ ^  ^ ^
S tap h y lo C O ecu s a fe rm e n ta n s  -  c o a g u la s e  n e g a t iv e  s t r a i n s  w hich  
do n o t  p ro d u c e  a c i d  o r  a c o to in  from g lu c o s e ;  Shaw o t  a l .  (1 9 5 1 ) .
Comments on th e  d e f i n i t i o n s  o f  s p e c i f i c  nam es o f  th e  genus 
S ta phy l o co c c u s  by s u b s e q u e n t ta x o n o m is ts
E vans (1935)»  i n  h i s  c o n t r i b u t i o n  to  t h e  ? t h  e d i t i o n  o f  
B e rg e y ’ s  M anual (1957)»  in c lu d e d  o n ly  two s p e c i e s  i n  th e  g en u s
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S ta p h y lo c o c c u s  -  a u r e u s  and  e p ld e r m id is ,  and  he d e f in e d  th e  
l a t t e r  s p e c i e s  a s  c o a g u la s e  n e g a t iv e ,  g lu c o s e  b u t n o t  
m a n n ito l  f e r m e n ta t iv e .  H i l l  (1959) n o t ic e d  a  re se m b la n c e  
b e tw een  S ta p h y lo c o c c u s  e p ld e r m id i s # a s  r e - d e f i n e d  by E vans 
( 1 9 5 5 )» and a  g ro u p  o f  3 s t r a i n s ,  w hich he  c a l l e d  
S ta p h y lo c o c c u s  s a p r o p h y t i c u s # a c c o rd in g  to  t h e  d e f i n i t i o n  
o f  Shaw e t  a l . , 1951 ( p a g e 5 ,  J o n e s  e t  a l .  (1963) a l s oniwBl'i'  ^  ^ w  ^  ^ mwm h.wih ' '
n o t i c e d  t h i s  re s e m b la n c e  and  th e y  c o n s id e r e d  t h a t  th e  two 
s p e c i f i c  nam es w er sy n o nomous .  I n  my o p in io n ,  h o w ev e r,
th e y  c o u ld  h a r d ly  be d e s c r ib e d  a s  su ch  f o r  th e  f o l lo w in g  
r e a s o n s : -  H i l l ’ s  (1959) d e s c r i p t i o n  o f  h i s  3 8 1 ap h y lo  co c eu s  
s a p r o p h y t ic u s  s t r a i n s  i s  " m a n n ito l  o f t e n  p o s i t i v e " ,  when 
I n c u b a t io n  was c a r r i e d  o u t u n d e r  a e r o b ic  c o n d i t i o n s ,  b u t  
t r u e  f e r m e n ta t io n  was n o t  i n v e s t ig a te d *  A c c o rd in g  to  
E vans (1955) » S ta p h y lo c o c c u s  e p id e r m id is  p ro d u c e s  a c id  fx'om 
m a n n ito l  n e i t h e r  u n d e r  a e r o b ic  n o r  a n a e r o b ic  c o n d i t i o n s .
I f  aerob ic  o r anaei'obic production of ac id  from m annitol i s  
an im portant taxonomic c r i te r io n ,  i t  follow s th a t the two 
spec ies  cannot be the  same. B aird-Parker (1963) a lso  noted 
th i s  discrepancy and h is  own taxonomic work showed th a t the 
2 spec ies  were not the same.
I n  1963 J o n e s  ^  a l .  expanded  E v a n s’ (1955) d e f i n i t i o n  
o f  S ta p h y lo c o c c u s  e p id e r m id is  to  be th e  a b i l i t y  o f  th e  s p e c ie s  
to  grow a n a e r o b i c a l l y  i n  a  d e f in e d  com plex medium w ith  g lu c o s e  
o r  p y r u v a te  a s  t h e  en e rg y  s o u r c e ,  th e  a b i l i t y  to  fe rm e n t s e r i n e
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a s  an  e n e rg y  s o u r c e , ,  t h e  r e q u ir e m e n t  f o r  b io  t i n  and  u i’a c i l  
a s  v i ta m in s  txndej? an a o ro lx lc  c o n d i t io n s  i n  a  s e m i - s y n th e t i c  
m edium , and  th e  I n a b i l i t y  to  ro d u c o  n i t r a t e  to  n i t r i t e  o r  to  
p ro d u c e  c o a g u la s e .  U s in g  d i f f é r a n t  m o rp h o lo g ic a l  and 
p h y s io l o g ic a l  c h a r a c t e r s  a s  tax o n o m ic  c x x l te r ia ,  P ik e  (1 9 6 2 ) , 
B a i r d - P a r k e r  (1963» 1965a) a n d . Ho ay.pal- e t  a l .  (1966). h av e  
d iv id e d  s t r a i n s  o f  e t a p h y lo c o c c i  i n t o  g ro u p s  and  su b g ro u p s  
(T a b le s  4 ,  5 a n d '2 0 ) ,  P ik e  (1962) and  B a i r d - P a r k e r  (1963) 
c o u ld  n o t  c o r r e l a t e  t h e i r  su b g ro u p s  o f  c o a g u la s e  n e g a t iv e  
s ta p h y lo c o c c i  w ith  th e  d e f i n i t i o n  g iv e n  by E vans (1955) o f  
Btap^iylocGCCUs o p id e rm id ia  o r  th e  d e f i n i t i o n s  g iv e n  by Shav; 
e t  a l .  (1951) o f  B taiohylo  c o c c u s  a a p ro p h y  t l c u s  * $ t  a p h y lo  co c cu ! 
l a c t i s  an d  B ta jd iy lo c o c c u s  a f e r m e n ta n s ,  (p ag e  2 3  ) •
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CHAMCTBRS USE» IN ÏAXONOMIC STUDIES QF MICRO CO CGI AND
STAPHYL0600CÏ
I n  th e  fo l lo w in g  s e c t io n , ,  th e  c h a ra c te r©  t h a t  have  b e e n , 
an d  a r e  u s e d  f o r  c l a s s i f y i n g  member© o f  th e  fa ij i i ly  
M icroC O ccaceao , i n  p a r t i c u l a r  m ic ro c o c c i  and  s t a p h y lo c o c c i ,  a r c  
re v ie w e d . The te rm  " c h a r a c t e r "  i s ,  ta k e n  to  be a  p r o p e r ty  
e x h ib i t e d  by a  b a c t e r i a l  © tr a in ;  th e  c h a r a c t e r  may be th e  
p r o p e r ty  o f  th e  m o rpho logy  o f  th e  c e l l s ,  e . g .  c e l l  sh a p e  o r  
c o l o n i a l  sigr,e, o r  I t  may be th e  p x 'o p erty  o f  t h e ,p h y s io lo g y  o f  
th e  c e l l s ,  e , g .  p iq u e n t  p r o d u c t io n  o r  h y d r o ly s i s  o f  c a s e i n ,  o r  
i t  may be th e  p r o p e r ty  o f  th e  c h e m ic a l s t r u c t u r e  o f  p a r t s  o f  
b a c t e r i a l  c e l l s ,  e . g .  c e l l  w a ll , o r  MA bo.se c o m p o s itio n  
c h a r a c t e r s .  '
T h e re  a r e  3 q u e s t io n s  c o n c e rn in g  t h i s  s e c t i o n  t h a t  th e  
r e a d e r  i s  l i k e l y  to  à s k ; -
(1 ) Which c h a r a c t e r s  h a v e  been  u s e d  f o r  c l a s s i f y i n g  m ic ro c o c c i  
and s ta p h y lo c o c c i?
(2 ) D i f f e r e n t  ta x o n o m is t s ,  ex am in in g  th e  same c h a r a c t e r s  
6 3 d iib i te d  by m ic ro  co c c i, and ' s t a p h y lo c o c c i ,  o f t e n  o b ta in  con­
f l i c t i n g  r e s u l t s ;  why s h o u ld  t h e r e  be  su ch  d ls c r e p a n o le e ?
(3 ) Have th e  ta x o n o m is ts  u s e d  th e s e  c h a r a c t e r s  i n  an  u n b ia s e d  
way f o r  c l a s s i f y i n g  th e s e  b a c t e r i a ?
1 . The u s e  o f  c h a r a c t e r s
The e a r l i e r  ta x o n o m is ts  u se d  w hat in f o r m a t io n  was a v a l3 ,a b lc  
a b o u t th e  b a c t e r i a ,  i . e .  t h e i r  m orpho logy  and  s im p le  p h y s io lo g y ,
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as chareicters fo r taxonomic s tu d ie s . As th e  knowledge 
o f b a c te r ia  incx'easod, through advances in  chemical and
biochemical techniques, more inform ation became av a ilab lo
fo r taxonomic purpoBGs, e .g . c e l l  wall a n a ly s is  ch a rac te rs .
Consequently, a t  p re se n t, th e re  a re  many ch a rac te rs  which
can be used fo r c la s s ify in g  m icrococci and staphy lococci.
Very few taxonom ists, however, have compared c l a s a l f i -
ca tio n  echernes based on m orphological and p h y sio lo g ica l
c h a ra c te rs , lyith those schemes, fox* in s ta n c e , based on VBA
base composition c h a ra c te rs , and th e re fo re , in  th i s  review
i t  has boon d i f f i c u l t  to  compare the r e s u l t s  o f one taxonomist
with the r e s u l t s  o f ano ther. In  f a c t ,  no taxonomist has, so
f a r ,  used a l l  known ch a rac te rs  possessed by these  b a c te r ia  in
a c la s s i f ic a t io n  scheme.
2. PiBcropanoiea between re a u l ts  o f d if f e re n t  taKonoinists 
examining the  same ch arac te rs
This i s  a more d i f f i c u l t  question to  answer. There a re , 
however, probably three main reasons for these  d isc rep an c ies ,
(a) taxonom ists throughout the years have used s tr a in s  
normally is o la te d  by themselves fo r tliel.r s tu d ie s , and the 
c la s s i f ic a t io n  of the eamo named.cu ltu re  c o lle c tio n  s t r a in s  by 
d if fe ro n t taxonomic methods and d if fe re n t taxonom ists i s  
com paratively now. The SQim?cea of the s t r a in s  a re  bound to 
in  f lu  once the  p ro p e r tie s  o f the  stxvaina, and so m icrococcal 
and staphylococcal s t r a in s  is o la te d , fo r in s ta n c e , from milk
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ù r  m ilk  p r o d u c ts  a r e  liî« ;e ly  to  h av e  d i f f e r e n t  c h a r  a  c t  o r i  s  11 e© 
from  s t r a i n s  i s o l a t e d  from hitman o r  a n im a l ©kin# A l l  ta x o n o m is ts  
s h o u ld  u s e  a t  l e a s t  some o f  t h e i r  own i s o l a t e s  i n  t h e i r  c l a s s i ­
f i c a t i o n  sch em es, o th e rw is e  new s p e c ie s  o r  su b g ro u p s  e tc#  w ould 
n e v e r  be d is c o v e r e d ,  b u t h o t  to  th e  e x c lu s io n  o f  c u l t u r e  
c o l l e c t i o n  s t r a i n s #
(b )  ,d i s c r e p a n c i e s  i n  r e s u l t s  a l s o  may be due to  th e  v a r i a t i o n s  
i n  e x p e r im e n ta l  c o n d i t i o n s ,  e . g .  v a r ia .t l o n  i n  th e  l e n g th  o f  
tim e  o f  in c u b a t i o n ,  te m p é r a tu r e  o f  i n c u b a t i o n ,  c o m p o s it io n  o f  
m e d ia , and  s e n s i t i v i t y  o f  t e a t  r e a g e n t s .
( c )  th e  c o n fu s io n  i n  th e  nom enclature o f  th e s e  o rg a n ism e  o v e r  
t h e  l a s t  20 y e a r s  m ust c o n t r i b u t e  l a r g e l y  to  t h e  d i s c r e p a n c i e s  
i n  th e  r é s u l t a .  F o r  w i th o u t  a  u n i v e r s a l l y  r e c o g n is e d  sy stem  
o f  nom encla tu i^e  th e  ta x o n o m is t  m ust d e f in e  th e  o rg a n ism s  ho  
nam es; t h i s  i n  many o a s e s  h e  h a s  f a i l e d  to  d o . F o r  i n s t a n c e ,  
som.o a u th o r s  i* e fe r to  " a ta p h y lo c o c c i"  w i th o u t  d e f in in g  them -  
i t  i s  p o s s i b l e  t h a t  some o f  th o s e  o rg a n ism s  a r e  m ic ro  c o c c i ,
I . e .  th e y  do n o t  fe rm e n t g lu c o s e .
My i n a b i l i t y ,  h o w ev er, to  an sw er t h i s  q u e s t io n  c o m p le te ly  
h a s  l e d  mo to  r e p e a t , w ith  my own s t r a i n s ,  many o f  th e  t e s t s  
u s e d  by p r e v io u s  ta x o n o m is ts  f o r  o h a r a c t e r i s i n g  t h e s e . b a c t o r i a .  
3# The u s e  o f  c h a r a c t e r s  f o r  c l a s s i f y i n g  i n a n  u n b ia s e d  way 
The a n sw er to  t h i s  q u e s t io n  m u st i n  many o a s e s  be  " n o " , 
a l th o u g h  to  con fii'm  my o p in io n ,  I  h av e  had  to  c r i t i c a l l y  
exam ine many o f  th e  c h a r a c t e r s ,  vdiich h av e  b een  u s e d  a s  c r l t e i \ i a
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f o r  c l a s s i f y i n g  r a ic ro c o c c l  and  s ta p l iy lo c b o c i ,  and  I  a h a lik  
d i s c u s s  th e  s i g n i f i c a n c e  o f  th e  u s e  o f  m ain  c h a r a c t e r s  i n  
o l a s B i f l c a t i o n  schem es l a t e r  i n  t h i s  t h e s i s  (p a g e lS ^  )#
M ost o f  t h i s  s e c t i o n  i s  d e v o te d  to  a  d i s c u s s io n  o f  th e  
c h o x a c te r s  u s e d  f o r  th e  c l a s s i f i c a t i o n  o f  m ic ro c o c c i  and  
s t a p h y lo c o c c i ,  b u t  a f t e r  th e  d i s c u s s io n  o f  th e  p h y s i o l o g i c a l  
c h a r a c t e r s  t h e r e  i s  a  b r i e f  com paraison o f  th e  m a in  m orpho­
l o g i c a l  and  p h y s io l o g ic a l  c l a s s i f i c a t i o n  schem os p ro d u c e d  I n  
th e  l a s t  20 y e a r s ;  t h e s e  schèBioa a r é  th e  o n e s  m o st w id e ly  u se d  
by b a c t e r i o l o g i s t s  f o r  c l a s s i f y i n g  m ic ro c o c c i  an d  s ta p h y lo c o c c i ,  
and  know ledge o f  t h e s e  schem es i s  an  e s s e n t i a l  b ac k g ro u n d  i n  
r e a d in g  t h i s  t h e s i s .
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HOKPIIOLOGI CAL CHARACTERS
S hape o f  th e  C e l l s
By d e f i n i t i o n  a l l  m lc ro c o c c l  and  s ta p h y lo c o o c i  ara s p h e r i c a l  
i n  sh a p e  (H lg u la ,  I 9OO; D reed , 1955? i n  Berge^''’ s  M anual, ? t h  
e d i t i o n ,  1 9 5 7 )•  H ow ever, d i f f e r e n t i a t i o n  hetv /een  a  s l i g h t l y  
e l l i p s o i d a l  c o c c u s  and  a  v e ry  s h o r t  ro d  i s  by no m eans e a s y ;
7 N a t io n a l  C o 3 .ia c tio n  o f  Type Cultiu*©8 (H .C .T .C .) s t r a i n s  o f  
M icroC O ecus and  S ta p h y lo c o c c u s  s p e c ie s  w ere  r e j e c t e d  from a  
schem e o f  c l a s s i f i c a t i o n  by Bhaw e t  ( 1951) on th e  g.rounds 
t h a t ,  u n d e r  c e r t a i n  c o n d i t i o n s ,  th e s e  o rg a n !sm s  d e v e lo p e d  
i n t o  b i 'a n c h in g  x*ods o r  becam e d e f i n i t e l y  e l l i p s o i d a l  i n  sh a p e . 
B a i r d - P a r k e r  (1963) found  t h a t  some o f  th e  Oram p o s i t i v e ,  
c a t a l a s e  p o s i t i v e  c o c c i  ho s tu d i e d  v/are s l i g h t l y  e l l i p s o i d a l  
i n  s h a p e , b u t  h e  d id  n o t  r e j e c t  them from h i s  c l a s s i f i c a t i o n  
schem e. I t  seem s from th e  l i t e x * a tu r e  t h a t  i f  c e l l s  o f  th e s e  
b a c t e r i a  p o s s e s s  a  © lig h t  d e g re e  o f  e l l i p t i c ! t y  and  n o t a 
e o c c o -b a o ll lU B  sh a p e ,, th e y  can  be c l a s s i f i e d  w ith  t h e  t r u l y  
s p h e r i c a l  c o c c i .
Sisse o f  th e  C e l l s
G re a t v a r i a t i o n  h a s  b een  found  i n  th e  s I ko o f  c e l l s  w i th in  th e  
f a m ily  M ic ro c o c c a c o a e  a s  T a b lé  6 sh o w s. âbd-el-M aX ok &
G ib so n  ( 1 9 4 8 ) ,  P ik e  (19 6 2 ) and  B a ir d -P a r k e r  (1963) c o n s id e r e d  t h a t  
th e  c e l l s  o f  m ic ro  c o c c i  g iv in g  vjoak b io c h e m ic a l r e a c t i o n s  a r e  
Iq x 'g e r  th a n  th e  c e l l s  o f  f e r m e n ta t iv e  s t a p h y lo c o c c i .  H i l l  
( 1959) o b s e rv e d  t h a t  h i s  m io re c o c c i  w ere  p le o m o rp h ic , b u t
Table 6nVf»*
S ise s  o f cell©  y^.lthin the  fam ily  lilcrqcocG abeae as, fqund
Authors D iam eter o f c o l ls  in  fL
Ahd-ol-îÆalek & Gibson (l948) 
Shav/ ^  al_# (iggl)
H ill (1 9 5 9 )
ihiderson ( 1962)
Pike (1 9 6 2 )
Ko c u r  & I to t in e c  ( I 962) 
B aircV Parker ( 1963)
0*7 to  l a r g e r  s i s e s  
0 .75 to  2 .0  
0*6 to  1*3 
0*5 to  3*0
0*7 to  1*2 & la r g e r  cocci 
1 .0  to  1 .6  (m iorococci o n ly ) .. 
Loss than  1*0 to  1*5
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âm lerB on  (1962) n o tic e d , t h a t  h i s  f e r m a n ta t iv e  o rg a n ism s  w ere 
m ore i r r e g u l a r  i n  sh ap e  th a n  h i s  h o n - f e r m e n ta t iv e  ones#
M o t i l i t y  o f  th e  C e l l s
M o ti le  s t r a i n s  o f  t r u l y  s p h e r i c a l  c o c c i  a r e  r a r e l y  en c o u n te red #  
C o n t r ib u to r s  (T a b le  1 ) to  th e  6 th  e d i t i o n  o f  B o rg ey ’ s  M anual 
( I 94B) s t a t e d  t h a t  5 o f  34 a p e c i e s  w i th in  th e  fa m ily  
M ic ro c o cc ace a o  w ere  m o t i l e ,  and  c o n t r i b u t o r s  (T a b le  1) to  
th e  ? th  e d i t i o n  o f  Bex'^gey’ s  M anual (1957) fo u n d  t h a t  5 o f  
t h e i r  43 s p e c i e s  w ere a l s o  m o ti le #  Shaw ^  a l*  (1951) found  
t h a t  o n ly  3 o f  432 s t r a i n s  w ere m o t i l e ,  an d  th e  m o t i l e  s t r a i n s  
p o s s e s s e d  1 f la g e l lu m  p e r  c e l l#  B a i r d - P a r k e r  (1 9 6 $ ) , how ever, 
c o u ld  f in d  no m o t i l e  s t r a i n s  i n  th e  1 ,2 5 0  s t r a i n s  h e  s tu d ie d #  
C olon i a l  Form o f  th e  C e l l s
Taxonomists g en era lly  agree th a t co lon ia l morphology i s  of 
lim ite d  use fo r c la s s ify in g  m icrococci and staphy lococci, and 
consequently th e re  i s  l i t t l e  re ference  to th i s  ch arac te r in  
taxonomic p u b lica tio n s .. Shaw e t al# (1951) and Baird-Parkex'* 
( 1963) ,  however, recorded th e ir  observations# Shaw e t  al#
( 1 9 5 1 ) n o te d  t h a t  t h o i r  c o lo n ie s  w ere lo w , ro u n d , co n v ex , 
sm ooth  and e n t i r e ,  a l th o u g h  some w ere ro u g h  and  some w ere 
c r e n u la te #  B a ir d - P a r k e r  (1963)»  c o n s id e r e d  m o st o f  h i s  
c o lo n ie s  to  be O .5 -2  mm# i n  d ia m e te r ,  co n v e x , and  u s u a l l y  sm oo th , 
a l th o u g h  some w ere c r e n u la te #  Any l a r g e  g z 'a n u la r , m a t t ,  
c o lo n ie s  w ere com posed o f  p a c k e t- fo rm in g  c o c c i .
*Appearance o f  C e lls  In  Broth Culture
Shaw £ t  a l*  (X951) and  B a i r d - P a r k e r  (1963) found  t h a t  
s t a p h y lo c o c c i  u s u a l ly  grow a s  an  e a s i l y  B u sp e n d lh lo  f i n e  
ao d lm en t i n  h r o th  c u l t u r e ,  b u t  t h a t  o t h e r  s t r a i n s  (aome 
m ic r o c o c c i ,  a o o o rd ln g  to  B a ir d - P a r k o r ,  1963) p ro d u c e d  a  m ore 
m ucoid  o r  g r a n u la r  d e p o s i t ,  w h ich  was d i f f i c u l t  to  d i s p e r s e  
i n  t h e  b r o t h ♦ A lth o u g h  Shaw e t  a l ,  (1931) an d  B a ird -  
P a r k e r  (1963) a g re e d  i n  t h e i r  f in d in g s  on th e  g ro w th  o f  Oram 
p o s i t i v e ,  c a ta X a se  p o s i t i v e  c o c c i  i n  b r o th ,  th e y  d id  n o t  .p la c e  
any ta^conomic s i g n i f i c a n c e  on t h e i r  o b s e rv a t io n s *  
to am * s H e a c tio i i  o f  B e l l s  i n  S ta in e d  Sm ears 
The c o n f u s io n  o f  t h e  e a r l y  ta x o n o m is ts  c o n c e rn in g  th e  Brain’ s  
r e a c t i o n  o f  c e l l s  o f  m ic ro c o c c i  and  s ta p h y lo c o c c i  h a s  been  
re v ie w e d  on p ag e  8 • I n  1963$ B a i r d - P a r k e r  s t a t e d  t h a t  a l l  
m ic ro c o c c i  an d  s t a p h y lo c o c c i  a r e  d e f in e d  a s  b e in g  Graia p o a i t i v o ,  
and  c o n s e q u e n t ly  h e  c o n s id e re d  t h a t  s e v e r a l  o f  th e  e s t a b l i s h e d  
M icroC O ecus s p e c i e s  w ore n o t  t r u e  members o f  th e  f a m ily  
M icx^ococcaceae* G e l l  w a l l  s t u d i e s  o f  2 Bravii n é g a t iv e  
Micx^ooo co u s  s p e c i e s  -  M, d e n i t r i f i c a n s  ( B a i r d - P a r k e r , iiu - 
p u b lish ed -w o x ic ) an d  M* h a l o d e n i t r i f i c a n s  ( S m i th ie s  e t  a l * .
1933)I and o f 1 Oram p o s itiv e  spec ies  M, ra d io duràns (Work,
196 a) * h av e  shown t h a t  t h e s e  s p e c i e s  p o s s e s s  c h a r a c t e r i s t i c  
Gram n e g a t iv e  c e l l  w a l l  co m p o n en ts . T h ese  s p e c i e s ,  a c c o r d in g  
to  B a i rd ^ P a rk e r  ( 1 9 6 3 a ) , sh o u ld  be r e - c l a s s i f i e d  w ith  th e  Gram 
n e g a t iv e  g en e ra*
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The Gram t h e r e f o r e .  I s  one  o f  t h e  f i r s t  o h a r a c t e r s
t h a t  a  ta x o n o m la t s h o u ld  ex am in e , xihen he l a  t r y i n g  to  c l a s e i f y  
m ic ro 00e e l  an d  u ta p h y lo c o o c i  and  I t  i s  I n t e r e s t i n g  to  f in d  
t h a t  A bd-el-M aX ék & G lte o ii (1 % 8 )»  P o h ja  (I960), M ossel (1962) 
an d  P ik e  (1 9 6 2 ) d id  n o t  m e n tio n  th e  Gram*© r e a c t i o n  o f  th e  
s t r a l n e  th e y  o l a e a l f i e d ;  i t  i s  p ro b a b le  t h a t  t h e s e  a u th o r s  
asBUmod t h a t  a l l  t h e  s t r a i n s  th e y  exajiiined v/oro Gram p o sitiv e*
m n s to m m m t m im m tm B
The . Op t i mum T o m n e ra tn re  f o r  Inc iihafe lon  o f  G u i ta r e a  
The te m p e r a tu r o e  fo r  t h e  I n c n b a t io n  o f  o u l t u r e s  o f  m ic ro c o c c i  
an d  B tap h y X o co cc l a r e  soaietim oB a r b i t r a r i l y  c h o s e n , ' a s  xihon t h e  
S u b co m m ittee  on  n o m e n c la tu re  and  Taxonomy o f  S ta p h y lo c o c c i  an d  
Milcroeocci (1965b) ehûBé 3^ ?%, Baird-Parker (1963) 30^0 , Bvans 
e t a l ,  (1959) and Anderson (1962) SO°C» although the la s t  
a u th o r  v/as wox%ing w ith  s e a  w a te r  m ic r o c o c c i ,  w h ich  h av e  low  
optim um  te m p e r a tu r e s  f o r  g ro w th  (18^0  -  22^0 E o B e ll ,  1946)*
Shaw e t  aX. (1931), H il l  (1959)$ Fohja (I960) and Pike (1962), . 
however, found th e  optimum tOBperà.turo o f growth o f th e i r  a t ra in s  
before ombaxiclng on a saxrle© of c r i t i c a l  experim ents, while 
engaged on a study o f the  taxonomy of M icrococci and staphylo*- 
co cc i. Shaw a t  oX. (1 9 5 1 ) found th a t  a l l  o f thelj? 432 s t r a in s  
gi’Gv; at 2eC and most gtraiae had th eir  optlmmn temperature a t  
30®G or 3?°e.
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The U se o f  T e m p e ra tu re  Grow th Range i n  C l a s s i f i c a t i o n  
H ncker (1 9 3 4 ) , K ocnr & M a r tin e c  (1 9 6 2 ) , J o n e s  c^  g l ,  (1962) 
an d  B a lrc l-P a rk o r  ( I 9 6 5 , 1965a) a r e  th e  o n ly  ta x o n o m is ts  to  u s e  
te m p e r a tu r e  g ro w th  r a n g e  a s  a  c r i t e r i o n  I n  c l a s a l f i c a t i o n .  
Hucîker (3.954 7 th  e d i t l o n  o f  B e rg o y ’ s  M an u al, 193?) and
Kociu' & M tir tin e c  (1962) d e f in e d  a  new s p o o l  e s  o f  M icrococou;W ^  Blll ia— ■lil ia*Wi*lil — r  1ITH il II !■ I 1 * 1  I*
(nam ed p r y o p h i lu a )  on th e  b a s i s  o f  i t s  low  tc m ip e ra tu re  r a n g e  -  
A^C to  2 3 ^ 0 , w ith  t h e  optimum a t  lO^C, an d  th u s  d e m o n s tra te d  
th e  u s e  o f  te m p e r a tu r e  g ro w th  ra n g e  a s  a  m ain  ta rnnom iic  
c r i t e r i o n .
J o n e s  ^  |X .  ( 1962) and  B a ir d - P a r k e r  ( I 963) u s e d  g row th  a t  
1 0 ^C an d  43^0 a s  c h a r a c t o r s  i n  t h e i r  r e s p e c t i v e  c l a s s i f i c a t i o n s .  
T h e i r  r e s u l t s  a r e  r e c o r d e d  In  T a b le  ? .  J o n e s  e t  a l .  (1962) 
made no comment on t h e  u s e f u l n e s s  o f  g ro w th  a t  e i t h e r  
tem % )era tu re , b u t  B a i i 'd -P a rk e r  (1963) r e c o r d e d  t h a t  **g row th  
a t  43^0 was © m ore ' v a r i a b l e  c h a m c t e r ’* th a n  g ro w th  a t  10^0 ; 
B a i r d - P a r k e r  (1963) u s e d  g ro w th  a t  lO^C a s  a  m ain  c h a r a c t e r  
I n  h i s  c l a s s i f i c a t i o n  schem e (T a b le  3) •
H e s i s ta n c e  o f  O rg an ism e to  H ea t
A bc!-o l-M alek  & G ib so n  (1948) w ere th e  f i r s t  ta sco n o m is ts  to  
c h a r a c t e r i s e  a  g ro u p  o f  m ic ro c o c c i  and  s t a p h y lo c o c c i  on th e  
b a s i s  o f  r e s i s t a n c e  to  h e a t .  T h e ir  fft ap h y lo c o c cu s  g ro u p  1
(T a b le  2) s t r a i n s  f a i l e d  to  s u r v iv e  i n  m ilk  h e a te d  a t  60^0 
f o r  30 m in u te s ,  w h ile  s t r a i n s  o f  t h e i r  D a iry  M ic ro c o c c i g ro u p
The azw b h  o f e tre ia is  o f  m icrooocci. a tap h y lo b o ac iT^»-mnr i^r:-<fcmy*iyiiTHti i*m.ifc| i^tTiiT~ ,TTTTWf>ifii^i-ip*i^$Tiii‘-mT'.TiTi‘-ffri'~iirTir i.|i>i ■hipi K'TmT,Tr"T'ir#'T' - r  Yr I'TT'iT f 'r  i' f  i"    ~m  
and sa rc in a c  a t  1QQ0 and 45°G
ilnthoro
Jonee e t  al*
Balrd«*Parker
C la e s if ie a t io n  
Scheme -  Table 5
S tra in s  examined
15 s t r a i n s  o f  
Stanhylooooom 
e p id e j^ ld is
24 s t r a i n s  o f  
ooagulaoe 4-ve 
stap liy looooei
371 s t r a i n s  o f  
coagulase -v e  
ItaphyloooGOl
352 s t r a i n s  o f  
g lucose o x id is in g  
m icroooool
9 s t r a in s  o f 
microooool unable 
to  u t i l i s e  g lucose
2 s t r a in s  o f  
s a ro in a
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:
I I I  (Table H) were- re a io ta n t  to  bugIi treatnicrat.
rln to réstin g  .finding has not ye t been confirmed by any o ther
taxoEoml.at. H il l  (1959) a lso  used heat ^joB aitivlty  aa a 
taxom ?m ic-criterion  by h ea tin g  c u ltu re s  a t  g6^0 and 
exm ainihg 'them -'after 5, 10, 20 and 30 mXmitoB fo r  v iab le  
organleaia, W t ho did not s ta te  h is  re su lts*
'Bpdlum C hloride Heelistahcê • '
S ince Gram p o s it iv e , c a ta la e e  p o s itiv e  cocci oan he
Iso la te d  from an environment w ith a high s a l t  co n cen tra tio n , 
i t  vm.B n a tu ra l fo r  some autlio rs to  exainlne the  e f fe c t  o f 
sodium ch lo rid e  on th e  growth of th ese  organlams* In- recen t 
y ea rs , H i l l  (1959). P o ll#  (I960) $ Pilge (1962) and Balrdwparker 
(19(rS) developed d is tin g u ish in g  t e s t s , based-on sodium 
ch lo rid e  rOrSistancOj fo r  t h e - .c la sa if ica tio n  o f s t r a in s  In to  
groups* '■ Experimental d e ta i l s  and r e s u l t s  a re  given in  Table 
8* ' P o l l#  (I960) f • who. I s  the  only taxonom ist to  use mo d ite  
ch lo rid e  re s is tan c e , a s  a ‘main c h a ra c te r , arranged h ie 's t r a in s  
In to  3 groups; he used the  - term ^%alotoloràut^^ fo r  s t r a in s  
th a t .grew .on con.centratione of ©odiitm .ch loride up to 15%, and 
^hion-holotoXerant” fo r  s t r a in s  th a t did not grow on concentra- 
tio n a  a s  high a s  1555 sodium c h lo rid e . s t r a in s  which grow an 
15% sodium ch lo rid e  ag ar, 'but no t on 0%. sodium chlo.ride agar 
mere given the  iiame-®Uialoph:Llic®^
T a b le  8
The e f f e c t  o f  væzloua oonom ïtra tloné o f ©oclium e h lo r ld e  
on th e  OT)ViTfch o f  Gcom T)Osltive o a ta la o e  ’D osiiive  eocb i









C la a e  ifx e  a t  i  oi 
Scheme -  TalDe.
B a irl^P ax k er
( 1963)
Hed’Jx^ m
co n ta in in g
H«tOl
e x t r a c t
g lucose
ag a r
t o t r i e n t
ag a r
H titr ien t
b ro th
Y east
e x t r a c t01ass i f i c a t  ion  .
Scheme -  ïa m c p
'N5T“^ '
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975  ^ s t r a i n s  grev/ on 0% HaOl
S$fo s t r a i n s  grow on EaOl
^6ft s tra J ja s  grew on 10% HaCl
86% s t r a i n s  grev; on 15% îTaOli‘»T5.‘Kvtm. im» a. ##
r e s u l t s  n o t g iven
76- 100% o f s t r a in s  in  a l l  
P ik e ’s ( 1962) groups grew 
in  5 10% haOl., except
f o r  30 Gafflvva  s t r a i n s/ »jS#;YJV^ipKe*s»<^#enei
(group Ï Ï ) ,  none o f  which 
grew in  any % .WaOl t e s t e d ,  
and f o r  gB^up I l l b  o f 
which only  26-75% o f 
s t r a i n s  grew in  10% ITaOl 
Only s t r a i n s  in  group % 
grew in  15% RaCl
99*7% s t r a in s  grew on 0% 
H a d
100% s t r a in s  grew on 5% HaOl 
86_*6% s t r a in s  grew on 
15% H a d*F»s>vt=n
ifji '!{■>
I lu c k e r ,  I n  h i s  c l a e s l f i o a t l o n  moBOgraphs (1924^ ,1 )) and  Im h l a  
e o n t r l t e t l o x i a  to  t h e  6 th  (1948) am i ? th  ( 195? )  e d i t io n ©  o f  
B e r fo y ’ a  M anual © iip h aa lso s th e  c h a r a c t e r  o f  p r o t o t i ’oph  a c t i v i t y ,  
by th e  a b i l i t y  or i n a b i l i t y  o f  m ic ro c o c c i  an d  s ta p h y lo c o c c i  t o  
g r o v r in  g lu o p e e  ammontem. p h o a p h a te  mediitm* Bhom e ^  a l .  (1951) 
an d  E v an s et_ a l*  0 -9 5 5 ) s t a t e d  t h a t  g ro w th  on a  m in im a l medium 
I s  d e p e n d e n t upon  th e  c a r r y in g  o v e r  o f  r e q u i r e d  v i t a m in e , and 
t h i s  i s  |> ro b ab ly  th e  r e a s o n  t h a t  t h e  p r o to t r o p l i  r e s u l t s  o f  
Shaw e t  al^. (1951  ) w ere  fo u n d  to  be  v a r ia b le *  Many
ta iro n o m ls ta  h a v e  u s e d  g lu c o s e  ammonium p h o s p h a te  medium b u t  
h a v e  n o t  c o n s id e r e d  g ro w th  i n  i t  to  b e  an  im p o r ta n t  c r i t e r i o n  
i n  t h e i r  taxonoim lc s t u d i o s  (T h a tc h e r  h S im on , 195?? P o h ja ,
I9 6 0 ;  â n c la re o n , 1 9 6 2 ; B a l r d - F a r k e r ,  1963)*
The o o n t r l b u t o r a  (T a b le  1) to  b o th  e d i t i o n s  o f  B e rg e y ’ s  
M anual (1 9 4 S , 1957) r e c o r d e d  t h a t  30 -  31% o f  th e  s p e c le a  I n  
t h e  f a m ily  H ioroooccacej^o . w ere  p r o t o t r o p h i c ,  an d  P o h #  ( I9 6 0 )  
fo u n d  t h a t  5 ^  o f  h i s  173. $ tra :l.n s  w ere  a b l e  t o  grow i n  
g lu c o s e  ammonium p h o s p h a te  m edium . B a lrd « P a rk e r  (196 3 )»  
h o w ev e r, n o te d  t h a t  o n ly  19% o f  h i s  1 »2gO s t r a i n s  grow  on 
t h i s  p ro to tro p lx  medium. !Ct seems» from th e  r e s u l t s  o f  th o s e  
a u t h o r s  g t h a t  t h e  m a jo r i t y  o f  o rg a n ia m s  a b l e  to  grow on 
g lu c o s e  ammonium p h o s p h a te  medium a r e  m ic ro c o c c i  w ith  w eak, 
o r  n o , b io c h e m ic a l  a c t i v i t y .
“ 37 -
P if f in e a ta tio n
Many s t r a i n e  o f  c o c c i  p ro d u c e  s t r i k i n g  yolX ow , o r a n g e , 
g o ld e n  and  reel p la n e n t© , T h is  o a e l ly - o b s o r v a b le  f a c t
p ro b a b ly  lo d  th e  e a r l y  b a c t e r i a l  ta x o n o m is ts  t o  p u t  g r e a t  
em p h as is  on th o  c h a r a c t e r  o f  p i ^ n e n t a t l o n  f o r  t h e i r  c l a s s i ­
f i c a t i o n  schem es (C ohn, 1 8 ?2 ; W inslow  8; R o g e rs , 1906 ;
W inslow  & W inslow , 1 9 0 8 ; H u ck o r, 1 9 2 4 a ,b ) .  L a t e r  s e a r c h  
v /ork , h o w ev e r, i a  c r i t i c a l  o f  th e  a s s u m p tio n  t h a t  p ig m e n ta t io n  
i s  a  c o n s i s t e n t  c h a r a c t e r  and  can  be r e l i e d  upon  a s  a 
s a t i s f a c t o r y  tax o n o m ic  c r i t e r i o n *  (R ahn , 1929 ; â b d -e l -M a le k  
& G ib so n , 1 9 4 8 ; Van E a e l t i n e ,  1 9 5 5 ) .
:P i(p e n t p r o d u c t io n  by b a c t e r i a  i e  d e p e n d e n t upon  th e  
eo m jo o sitio n  o f  th e  m ed ia  u se d  and th e  i n c u b a t i n g  c o n d i t i o n s ,  
e*g* te m p e r a tu r e  and  l i g h t ;  T a b le  9 show s t h e  m ed ia  and  
I n c u b a t in g  c o ^ id i t lo n s  f o r  p ig m en t p r o d u c t io n  o f  m ic ro c o c c i  
and  staphy lO G D oci u se d  by v a r io u s  a u th o r s  In  r e c e n t  y e a rs *  
A sse ssm e n t o f  c o lo u r
S in c e  a a s o s s m e n t o f  c o lo u r  I s  s u b j e c t i v e ,  c o m p a riso n  o f  
p ig m e n t w ith  a  sy s tem  o f  c o lo u r  c h a r t s  was p ro p o s e d  and  u s e d  
a s  lo n g  ago a s  1908 by W inslow  & W inslow . T h is  sy s tem  was 
recom m ended by L e n n ln g  (1 9 5 4 ) and  P a c l t  ( 1 9 5 8 ) ,  and u s e d  o n ce  
m o re , i n  a  e l a a a i f i c a t i o n  o f  m a rin e  m ic ro c o c c i  by A nderson  
( 1962) .  I t  ©eoms s t r a n g e , n e v e r t h e l e s s ,  t h a t  .te d e ra o n  (1962) 
d o es  n o t  m e n tio n  th e  c o lo u r  o f  any  p i# n o n t ,  a f t e r  h e  had  ta k e n
Démonstration of plfinieiitation by Gram .•poaitive eata3.aae •poeitive coooi
©8 recorded by authors iîi .rocoxit yecœs ■
- Authors j \ ' Mediinia ‘ Incubating ■ conditions...., .. Figments
Hucker (1 9 4 3 ) 
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: Table; 9 (contihued)
yhxtlioî's -. ■ '■ Medium ; In c u b a tin g  c o n d itio n s Pigm ents
H i l l i s  &:T urner 
Cl962)
Olyoêzk)! m onoacetate 
àgox :
37%. l5i th e  dark  





B alrd -P m icer; '. ' 
(1963)
G la ss if io a tio ix  
Scheme Table 5
. .Yeaht tay p tb n e  àgcx 
c o n ta in in g  20% skim' 
■■Tiîilîç ’ -V ■
30% f o r  7 .days % i t e  
Orange ' .,•• 
. Y e l l o w
C lassifioatxO iV  
Bohorae ^ . T ab%  20
Glucose y e a s t  e x t ra c t  
a g a r  M" ' ,
, 30%.f o r  ,:■ 
, 4 -$  ÇlPys . ; ';
Yellow • 
V io le t ■
, Pinlc
-  3 8
the  tro u b le  to  use a aoloixr o h art. ' ' Host author©» however, 
con lin o  th e i r  c lia ra o te r isa tlo n  to a foxi p r in c ip a l colour©, 
and tiieae can be see# l i s t e d  in  Table 9*
V aria tio n  o f P l® e a t prociuotion
Abfh^o3 -^^Malek & Gibbon (1948) » Bliaw g t  a l .  (1951) and BalTû^ 
Parker (1963) agreed th a t  pigm entation l a  no t .a s ta b le  
c h a r a c te r ,-aimce i t  l a  dependent on the  condition© of growth 
o f orgàniama. The v a r ia tio n  o f pigment %)roduotiom by 
Stophyl,ococciXB auï*enë hao been known fo r aome tim e, Andrewea 
% Gordon (1907), Jay (1962)$ Hoeeel (1962) and B sird-Parker 
(1963) showed th a t  pigmented s t r a in s  (yellow' and-orange) o f 
micrococci, and Etaphyioco.c.ci o ften  give r i s e  to  x^hyslologioally 
id e n t ic a l  w hite v a r ia n ts .
W ithin s t r a in s  o f the family M icrococcaoeae, Oowan (1962) 
and Kooixr Hart:l.Be:c (1962) recognised only B pigments -  rod 
and yollov; -  and Baix^l-^Parker (1965a) only 1 plgmexit ^ red , 
to  be s ta b le ;  bath theme pigments were prodacod by s t r a in s  o f 
m icrococci. W illis  & Turner (1962), using  a  g ly ce ro l mono- 
a c e ta te  medium, claimed» hqwoven, th a t  they could sep ara te  
the  saprophytic» coagulase negative  staphylococci from the  
xxxthogonic, coagulase p o s it iv e  s t r a in s  on the  liae is  o f  
pigm entation and the  coagulase p o a itiv o  group could be 
fu r th e r  subdivided in to  th ree  s ta b le  colour v a r ie t ie s  -  
yellow» orange and b u ff.
-39
ân d rew e e  & Goi'dosi (1 9 0 ?) ama Buâeoon. (1908) v/ej;»o th e  f l r a t  
t a x o n o M s ts  t o  u s e  th e p r o d u c t io n '- o"f aÇM  from • o a rb o h y d ra to s  
by m ic ro ço cca l. an d  a ta |)h y lo co < 5 ça l s t r a l n à  fo r  c la f ô s i f ie a t iO E  
piirposea. • From th e  m a t e r i a l s  a v a i l a b l e  a n d  tîie knowledge o f  ' 
b a c t e r i a l  b lo c h e m io try  a t  t h a t  t im e ,  i t  :1s n o t  su rp r la r ln g ' 
t h a t  Oummiaa & C w m lag  (19 1 3 ) ç o a e id e r é d  t h a t  th e  t e s t e  o f  
t h e  f o m e r  a u t h o r s  w ere  i i n r e l i a h i e *  In. f a c t ,  . t h e i r  oxm re rsix lto  
ahowod t h a t  t h e  p r o d u c t io n  o î  a ç i d  from c a rb o h y d ra to e  v/ae 
v a r i a b l e  and  th e y  c o n c lu d e d , su ch  t e a t s  w ore d : l f f i c u l t  to  
imo f o r  $ubg:couping c o c c i*
A l l  t h e  r e c e n t  a t t e m p ts  a t  c la s a x lf i .c a t io n  h av e  in c lu d e d  acild  
p r o d u c t io n  from  g lu c o s e  a e  an  Im p o r ta n t  c r i te r i .o n »  e*gw 
A b d -e l-J% lo k  & aifoson  (19 4 8 )»  Bhaw o t  aj,* (1 9 5 1 ) # H i l l  ( 1 9 5 9 ) ,  
P o h ja  (196.0) an d  BaircWPar]-^or (1.965).• Ahd-e3.*M aiek &
G ib so n  (1 9 4 8 ) an d  iShaw 'gt a l .  - ( 19 5 1 ) f a i l e d  t o  d i f f o i v n t i a to  
b e tw een  f o r a  on t a  t l o n  and  o x id a t io n  o f  ’^s u g a r s ’* i n  t h e i r  
respect:!V O  c l a s s : ! f : l c a t i o n  achèmea» a s  had  a l l  p r e v io u s  
ta x o n o m is t s ,  and  th : l s  .was p o in te d  o u t  by E vans. ^  m l. ■ (1 9 5 9 ) , 
who s t a t e d '  t h a t  amaip.nia p ro d u c e d  f:<*o.m th e  n i t r o g e n o u s , . 
c o n s t i t u e n t s  o f  th e  :a.edlum tnnder a e r o b ic  o o n d :lt:lo n s can  
mask a c i d  ‘p r o d u c t io n  from  g lu c o s e .
^  IjD ^
E v an s e t  a l .  (15)55) c h a r a c t e r i s e d  s t r a i n s  i n  th e  g e n u sftirrt.T'A '* -f. !T- r <
thGlr a b il ity  to grow and praduee acid
from  g lu c o s e  u n d e r  a n a e r o b ic  c o n d i t io n s »  an d  s t r a i n s  o f  th e  
g en u s  M icroC O ecus by t h e i r  I n a b i l i t y  to  p ro d u c e  a e ld  from  
g lu c o s e  u n d e r  a n a e r o b ic  c o n d i t i o n s .  T hus s t r a i n s  b e lo n g in g  
to  e i t h e r  o f  t h e  2 g e n e ra  c o u ld  bo s e p a r a te d  by an  
o x id a tio n * , fe rrae n t a t l o n  t e a t  •
The work o f  R ic h a rd s o n  (1 9 3 6 )$  G r e t l e r  e t  (1955) $
E vans a t  a l l .  (1955) an d  J o n e s  ^  a l*  (1963) h a s  shown t h a t  
t h e  v ita m iu B  u r a d X  and  b i o t i n  a r e  n e c e s s a r y  f o r  th e  g ro w th  
o f  e t 04>hyXococci u n d e r  a n a e r o b ic  c o n d i t i o n s , an d  th u s  a  
com plex  medium m u st be  u s e d  to  d e m o n s tra te  t h e  f e r m e n ta t io n  
o f  g lu c o s e  an d  o th e r  ®^sugars^* by m em bers o f  t h e  fa m ily  
Mi o ro  c o e c a c o a o .
One o f  th e  main, p ro b le m s i n  t e s t i n g  b a c t e r i a  f o r  t h o l r  
fe rm e n m tlv G  a b i l i t y  i s  t h e  m a in ta ln a n c G  o f  a n a e r o b ic  
c o n d l t lo n B . T&ummomlsts h av e  d i f f e r e d  i n  t h e i r  a p p ro a c h  
to  a c h ie v e  a n a o r o b l o s i a , . and  T a b le  10  l i s t s  th e  m ed ia  u se d  
f o r  t h e  d e m o n s tr a t io n  o f  o x id a t io n  and  f e r m e n ta t io n  o f  g lu c o s e  
and  th e  m e th o d s f o r  o b t a in in g  a n a e r o b ic  c o n d i t i o n s  by v a r io u s  
tax o n o B îis to *
Cowan & B te e l  ' (3.964) co’mx>arod t h e  m ed ia  an d  m e th o d s o f  
d i f f e r e n t  a u t h o r s  and  found  t h e r e  v/aa c o n s id e r a b le  v a r i a t i o n  
I n  th e  r e s u l t s  o b ta in e d  w ith  th e  aame s t r a i n s .  The b e s t  
a g re e m e n t w as o b ta in e d  when a n a e r o b ic  f e r m e n ta t io n  o f  g lu c o s e
ï a b l e  iO
TJtillsaticai of ,?lucoae by laleroopool 
Mdv'.gtaTiîiYloooooi àé deKiônstmbed Dy. yarloua authors
    #11#
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6 : .  G i b s o n  ■
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im© t e s t e d  by B a ir d -P a x k e r ’ s  (1963) m eth o d , by Evaa©^
(195>5) m ethod  when a  f i n a l  pH o f  l e e s  th a n  5*0 
r e q u i r e d ,  and  by p e p to n e  w ater©  c o n ta in in g  t h e  c a rb o h y d r a te s  
i n  an  g m a ero h lc  a tm o sp h e re  o f  h y d ro g en  g a s  ( s e e  T a b le  10 
f o r  d e t a i l s  o f  m e d ia  an d  e x p o r lm e n ta l  o o n d l t i o n a ) ,
Many m ic ro  c o c c i  a p p a r e n t ly  do n o t  b re a k  down g li^ o o ae , 
oven u n d e r  a e r o b ic  c o n d i t i o n s ,  and th e s e  ave o l a a s i f i e d  i n t o  
a  .group by them  s e l v e s ,  t h e  c h a r a c te n ^ is t lo s  o f  t h e  g ro u p  
b e in g  b aaed  m a in ly  on n e g a t iv e  Moohem:lca3„ r e a c t i o n s  -
(sM w  a t  e i . ,  1951 ) ,
% z la c e lla n e o u B  m icrocoocl®* ( H i l l ,  1959), g ro u p  IV o r
§ M S £ ^  (P-ike, 1 9 6 2 ) , an d  H i|S S 5Jl£S S I S^ ’oup ? (B aircV
P a r k e r ,  19S3)* I n  my o p in io n ,  © tr a in s  w h ich  a r e  
b io  c h e m ic a l ly  i n a c t i v e  and h av e  m a in ly  n e g a t iv e  x ^ eac tlo n s  
i n  coimiioa a r e  n o t  n e c e s s a r i l y  c l o s e l y  x '^ela ted , and  s h o u ld  
n o t  be p la c e d  i n t o  a w e l l - d e f in e d  g ro u p  a s  h a s  b een  done by 
Bhaw e t  a l .  (19 5 1 )*  P ik e  (1962)$  and  B a i r d - F a r k e r  (1 9 6 3 ) .
E vans (1955) I n  th e  ? th  e d i t i o n  o f  B o rg e y ’ a M anual (1 9 5 ?)?  
M osael (1 9 6 2 ) ,  P ik e  (1962)$  B a ir d - P a r k e r  (1963$ 19 6 5 a) and  
P o e y p a l e t  a l .  (1 9 6 6 ) u s e  th e  c h a ra e tw r s  o f  f e r m e n ta t io n  
an d  o x id a t io n  o f  g lu c o s e  i n  a  com plex medium a s  c r i t e r i a  
fo r  p l a c i n g  s t r a i n s  i n  th e  g e n e ra  B ta p h y lo e o c o iis  am i■? ■ VJ (r-»«3KSTiA'*Sa1if«Jnr;CTtK!ïçab>ra?^lKl|!fç3
M lc:cococcus. F o h ja  ( I9 6 0 )  ? h o w ev er, d e f in e s  h i s»pri3V!)ufnafîfÆiï:i-«a«?«,»ï.»Kia* . y ^
M lcroeoccu©  s t r a i n s  a s  b e in g  b o th  f e r m e n ta t iv e  an d  o x i d a t i v e .
— 42
The u t i l i s a t i o n  o f  o th e r  c a rb o h y d ra te s  
The num ber o f  c a r  bohy d r a t  es, » w hich  can bo u s e d  I n  a  
e l a s s l f i c a t i o n  schem e o f  m lc ro c o c c i  and  s t a p h y lo c o c e l ,  
appomrB to  bo limitecT.# Shaw e t  a l*  (1951) lu v e s t i g a t e c l  
th e  a c t i o n  o f  t h e i r  s t r a l n a  on 13 ^teugars'*’ b u t  found  t h a t  
a p a r t  from  g lu c o s e  o n ly  a few  o f  th o s e  '^-eugare^^ w ere  o f  tmj  
tax o n o m ic  u se*  ■ A f t e r  h a v in g  t r i e d  28 q a rb o h y d ra to a ,  B a ird -  
P a r k e r  (1963) recom m ended. th o  u s e  o f  o n ly  g lu c o s e ,  m a n n i to l ,  
l a c t o s e ,  s t a r c h  and a e s c u l im , th o  l a s t  2 b e in g  u t i l i s e d  by a  
v e ry  few a t r a i n s *  A p a r t from  g lu c o s e ,  m m m ito l  i s  t h e  one  
s u g a r  to  bo u aed  by many ta i to n o m ls ts ,  and  some c o n s id e r  
f e r m e n ta t io n  o f  m m m lto l to  be  mi im p o r ta n t  d i a g n o s t i c  t e a t  
f o r  p a th o g e n ic  o r  c o a g u la s e  p o a i t i v o  s ta p h y lo c o c c i  (Kfîvans,
194?9 194-8; H o sse l»  1 9 6 2 ; B & iircV Parker, 1963) » whGroaa o t h e r s  
do n o t ■re o o g n ia o  any  s i g n i f i c a n c e  i n  i t s  u t i l i s a t i o n  
(O o lw e ll ,  1939a Bha# a l .  1951 ; T h a tc h e r  fs Bi?non, 1937) *
The o x id a t io n  o f  c a rb o n  compoumdB by w ash ed , r o s p i r lB g  c e l l s  
o f  m ic ro c o c c i  o r  s ta p h y lo c o c c i  h a s  n o t  b een  s t u d i e d  to  a  
l a r g e  e x te n t»  b u t  Mumheimer F a b la h  (1942)$  u s in g  m an o m etric  
tG cîm iqiîoaj, fou n d  tliafc M ^^m SSm M ïêM M .*  E ;uJM »JE is
o s ic u s c d
g ln c o sQ , raaltoBO  and smcsoee, K osypal & K oeur (1963)* a l s o  
u s in g  iH anoiiieteic to c to i iq u e s ,  fou n d  t h a t  m siiocl c e l l s  o f  15
•  43 “
etffaliîBOf oiclclisoa g lu co se , fm e to s e ,
*
m a l to s e ,  Bitorose mxâ g a l a c t o s e .
A lth o u g h  t i io s e  two r e s u l t s  show c l e a r l y  t h a t  th e  
B m S f i f f i S  sp eo io o , H. m te u a . «»«*
M. OÀxran^.amm do u t i l i s e  g lu c o a o , B a te d - îr a rk o r  (ISGg.a) 
'p la c e d  them  I n t o  h i s  M icroooqciie  eu h g ro u p  -?» w h ich  ho d e f in e d  
a e  a  g ro u p  c o n ta in in g  o tx^a in s w hich  e i t h e r  'f^ do n o t  r  e l  e a s e  
d é t e c t a b l e  m old when c a rb o h y d ra te ©  a r e  u t i l i s e d )  o r  p ro d u c e  
o n ly  e m a il 'a a au B to  'o f  a c i d  from  t h e s e  s u b s t r a t ea'^*
S in c e  B& rlrcW larker C l96Sa) a d m it te d  t h a t  - th e  c o m p o s it io n  
o f  t h e  b a sO l m ed ia  u s e d  f o r  d e t e c t i n g  c a r t o h y d r a t e  u t i l i ­
s a t i o n ,  1 . 0 . by a c i d  p ro d u c t io a t ,  i s  im p o r ta n t ,  an d  d l f f o . r e n t  
iBOcUa can  g iv e  d l f f e r o n t ,  r e s u l t s  (Cowan & S t e e l ,  1 9 % )  $ i t  
may t r o l l  be  t h a t  a c i d  p r o d u c t io n  froiB *hsugars'^ by  b a o t o r i a  
l a  n o t  th o  b e s t  ' way to  • d e t e c t  • I f  th o  o rg a n ism  c a n ‘U t i l i s e  t h e  
c a r b o h y d r a te .  T h e r e f o r e ,  I t  I s  p o s s i b l e  t h a t  to o  greavt an  
em p h aa ls  i a  p la c e d  on th e  c h a r a c t e r  o f  a c i d  p r o d u c t io n  from 
g lu c o s e  i n  a  com plex mocliunî u n d e r  a n a e r o b ic  c o n d i t i o n s ,  
c o n a id o r in g  t h a t  t h i s  r e a c t i o n  l a ,  a t - p r e e e n t ,  th e  s o l e  
C 3 ? lte rio n  f o r  s o p a r a t l n g  s t r a i n s  o f  from
s t r a i n s  o f  M ic ro c o c c u s .
Yoges I?;'- T tro B k m e r  (1898) obaerved th a t  Borae l>acter:lal 
cm lturea growing in  a glucose modteu when made a lk a lin e  
w ith x>otaeBii5m hydroxide, developed a red co lo u ra tio n  on  
standing* Earden (1936) found th a t acé to in  was produced 
and th i s  eubstancé would give a red  colour w ith a lk a l i  in  
the  presence o f poptono* The d e tec tio n  o f ao e to iu  vme 
coneidered a u se fu l te a t  (th e  V.P* re a c tio n ) in  the  
id e n t i f ic a t io n  o f c e r ta in  groupa o f b a c te r ia ,  and'im prove- 
monte in  carry ing  ou t the  to o t wore made? the mothodo o f . 
I to r r i t  (1936) and Batty-Bviiith (1941) a re  those  used today.
âbd-G l-M àlek & (lihaon (1940)1 Bhaw e t  a l ,  11951)$ P ike 
{1962 ) and B airc l-F arker (1963$ 1965a) u sed  a o e to ia  -pro 'daction 
ao a main c r i t e r i o n  In  t h e i r  r e a p a c t iv e  c la a s lf ic a t lo m  echemoa 
o f  m icro c o c c i and a ta p h y lo c p c c i. Bhaw a t c%l. (1951) p o in te d  
o u t t h a t  i f  a  very  © eneitivo  method was u se d , a s  th a t  o f  
B atty -B m ith  (1941) » th e  r e a c t io n  cou ld  lo s e  i t s  d i f f e r e n t i a l  
v a lu e . These a u th o rs  a ls o  no ted  th a t  more p o s i t iv e  r e a u l t s  
were o b ta in e d  from an u n b itffe red  medium th an  =from a  phosphate  
b u ffe re d  one , a  p o in t  a l s o  no ted  by B a lrd ^P ârk er (1963 ). Ho 
recommended t h a t  c u l tu r e s  should  be in c u b a te d  f o r  a t  l e a s t  
14  days b e fo re  t e s t i n g  fo r  th e  p re sen ce  o f  a e e to in .  Eddy 
(3.96I ) ,  nevertho losD ) s t a t e d  t h a t  w ith  somo b ac te r-la  th e  V .p , 
r e a c t io n  may weaken w ith  p ro lo n g ed  in c u b a tio n  and w ith  o th e r s  
may even become n eg a tiv e*  T h is  i s  p ro b ab ly  due to  th e  p a r - t la l
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o r  t o t a l  e o n v o ra io n  o f  a a o to in  i n t o  com pounds w h ich  do m ot 
g iv e  a  p o s i t i v e  Y.F* ro a o t io m , .1*g* 2 î5  t e t m i o d i o l .  l i t  t h e  
c a s e  o f  B tr^ > te lo o o ecu a  a u re u s *  howGVor, W att &- Workman (19 5 1 ) 
p o i n t  o n t  t h a t  3  t im e s  a s  mnoh a o e to l i i  ia p ra d u c o d  a e  Bt3 
h u ta n e d io l ,  an d  t h e r e fo ro  i t  aoem s iv m lik e ly  t h a t  a l l  t h e  
a e e t o i n  w i l l  ho o om vorted  t o  o t h e r  oompoumda, a t  l e a s t  w i th in  
t h e  a ta p h y lo e o c o its  g ro u p .
D e s p i te  th o  f i n d i n g s  t h a t  ( a )  d i f f é r e n t  laockla f o r  a o e to in  
p r o d u c t io n  m id d i f f e r e n t  a c o to in - d o to o t lB g  m e th o d s  raay r e s u l t  
i n  a  g r e a t e r  o r  l o s a e r  m m h e r o f  p o s i t i v e  r e s u 3 .ta  i n  o n e  h a tc h  
o f  s t r a i n s  (Shaw a t  1951? E ddy , 1961 ; D a i r d - P a r k o r ,  1963); 
t h a t  (h )  th o  p o s s i b i l i t y  o f  " f a l s e  n e g a t iv e s "  » ow ing to  th e  
c o n v e r s io n  o f  a o o to in  t o  2 :3  W t a n e d i o l ,  may o e o u r  ( Id d y ,  1 9 6 1 ) ; 
and  t h a t  ( e )  a c e t p i n  may b e  p ro d u c e d  by two d i f f e r e n t  
b io c h e m ic a l  p a th w a y s  (De L e y , 1959)$  w hich  w ould c o n s t i t u t e  
"tw o d i s t i n c t  tax o n o m ic  f e a t u r e s  i r r o s p o e t l v e  o f  th e  i d e n t i t y  
o f  th e  end p ro d u c t" (E d d y , 1 9 6 1 ) , . th e  p r o d u c t io n  o f  a c o to im  
from  g lu c o s e  i s  s t i l l  u se d  a s  a  m ain  c h a r a c t e r  f o r  c l a a e i f y i n g  
m le ro q o o o l a n d  s t a p h y lo c o c c i .
— 4-6 —
M it r a t o  H o d u q tio n
Tlie a l t r a t o  ro d u o tlo m  t e s t  h a a  b een  n ee d  by p r a c t i c a l l y  a l l  
tc w m o m ls te  i n  t h e  c l a B s i f l c a t i o n  o f  m ie ro c o e c l  and.
• a ta p h y lo c o c c i , ,  an d  i t  Im g e n e r a l l y  a g re e d  t h a t  B o s t  ferm en­
t a t i v e  s ta p h y lo e o o o a l  s . t r a i n a ,  and  acme o s r ld a t iv e  m ic ro  cocoa], 
s .tT O ln a , 'ro d u o e  n i t r a t o i  o n ly  a  few  o f  th e  m ic ro  c o c c i  u n a b le  
to  u t i l i s e  gluooGO vjoro a b l e  to  r e d u c e  n i t r a t e  ( e . g .  Bhaw
1951:5 P o h ja ,  i9 6 0 ;  B a irc l-P a rk o r , 1 9 6 U n f o r t u n a t e l y ,  
n i t r a t e  r e d u c t i o n  h a s  p ro v e d  to  be  o f  l i t t l e  v a lu e  a a  a  m ain  
c h a r a c t e r  f o r  c l a s s i f y i n g  s t r a i n s  i n t o  g ro u p a  o r  s u b g ro u p s » 
and  ta x o n o m is ts  tm id  to  I g n o re  th e  r e a u l t e  when th e y  a r e  
c h a r o c t e r i e i n g  t h e i r  r e s p e c t i v e  g ro itp in g s*
C o ta la 80 a c t i v i t y  was r e c o r d e d  i n  b a c t e r i a  In  IpO g by 
L o v /o n a te in  an d  I n  1923  by  McLeod & G ordon . Y et i t  Was n o t  
u n t i l  1948 t h a t  th e  e a te la s G  r e a c t i o n  o f  m ic ro  c o c c i  and  
s t a p h y lo c o c c i  w as fo u n d  to  b e  ta H o n o m io a lly  s i g n i f i c a n t .  I n  
tk lB  y e a r  I s a a c s  & B c o u l le r  r e p o r t e d  t h a t  1 46  s t r a i n s  o f  
B ta p h j lo  cocîctts» M icro  c o c c u s  and  B a rc in a  w ore a l l  c a t a l a a e  
p o .s it iv G  an d  116  s t r a i n s  o f  s t r e p to c o c c i  w ore a l l  c a t a l a s e  
aiogatiV Q , an d  a lth .o u g h  Bhav; ( 1951) d id  n o t  q u o te  th o s e
a u t h o r s ,  th o  o l a s s i f i c a t i o n  schem e o f  Bhaw g t  a l*  (1951) 
in v o lv e d  o n ly  " a e r o b ic  c a t a l a s e - p o s i t i v e  C4ram -positiVG c o c c i " .  
H u ck er (19 5 4 ) an d  E vans (195 3 )»  I n  the . ? t h  e d i t i o n  o f  B orgoy^a 
M anual (1 9 5 ? )»  m e n tio n  t h a t  s p e c i e s  i n  t h e  g e n e ra  Btajgh y lo cQ ccue
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and Micrococeua a re  catalasQ  p o s it iv e , but thé o a ta la se  
a c t iv i ty  o f  spec ies  tn  th e  genera. GaJfkya and B a rc im , a lso  
in  th e  fam ily M icrococcaceao« i e  mot raontionecU
Kocur & HartrUiec (1962), Pohje (I960) $ Anderson (1962) » 
Hoaaol (1962) and B aird-Farker (1963s 1965^) agreed th a t  
e a ta la se  a c t iv i ty  l a  a fimdameutal c r i te r io n  o f a tm ln a  in  
the  rsiicrocoocu»a-ataphyloGoccua group, but H il l  (lp5p) and 
Pike (.1962) do not mention the  possGeaioa o f th i s  oasyiio as 
a ch a rac te r in  th e i r  re sp e c tiv e  c la e a if lc a tio n  achernes#
ahav/ e t  a l .  (1951) noted a feebly  c a ta la so  p o s itiv e  group 
o f Gram--p o s itiv o  co cc i, which waa l a t e r  ch a rac te rised  and 
given the  name ilorococcua by Williamo a t  a l .  (1953) ,  but th i s  
group i s  considered separate, from th e  miorococcua -  
atapliylacoecuà group, although I t  may have -aosae aîùhrXty. 
towards tho genus g a f|k y a  (peibol & Hlven, I960).
Oxidase â c tiv ;îj^
T he a b i l i t y  o f  a  b a c t e r i a l  s n e c ie a  (F seudom onùs■p y o c y a n e g )‘ 
to  p ro d u c e  a n  o ^ rid ase  enayme was f i r s t  re c o rd e d , by iCovaes i n  
1,956. Poll j  a  ( I9 6 0 )  found  t h a t  14% o f  h i a  m ic ro  c o o e a l am i 
a ta p h y lo e o c c a X  s t r a i n s  o x id i s e d  K o v acs’ r e a g e n t  g te t .ra m e th y l-  
p -phenyX qnecU am iae, an d  Uteol (19fiX) o b s e rv e d  t h a t  o n ly  one 
o f  9? a ta p h y lo c o G c a l s t r a i n s  w ere  o x id a s e  p o s i t i v e .  IBddy 
( p e r a e n a l  co m m u n lca tio n  t o 'K . J . . S t e e l ,  1962b). r e p o r t e d  t h a t  
a  n e g a t iv e  o x id a s e  r é a c t i o n  vraB " c h a r a c t e r i s t i c  o f  B tap ii.
=. liB
aiîî>oiis and' Stanli, sa i^ o n te tlc u a  and a ©3.<Jw p o s itiv e  x*eaetlon 
oocnrred w ith some, s t r a in s  o i  IM Si* Im&M- •
and s ta ^ h , r o s ^ ' j  (Nomeaolathre o i  S!mw-e t al,, » 1951T; Mdy
aXao rocoiiuaenclG'd t h e  a d d lM im  o f  0*1% a s G o rb lo  a c id  t o  Kovaoa^ 
r e a g e n t  l a  o r d e r  to  r e t a r d  th e  m t o o x i d a t io n  o f  t h e  l a t t e r  
compotincl. H siB g  Eddy*© m o d i f i c a t i o n  o f  K o v aca’ (1956) 
m e th o d , S to o l  (195 2 b ) co n firm o d  Bcldy’ a  o r i g i n a l  f i n d i n g s ,
t w t  g j& É W A ^ ,m m .m P 9 R p  w»'® o k icm s©
n e g a t iv e »  and  t h a t  some e t r a i n e  o f  B# a fe rm o n ta n s
an d  B$ ro a o u e  { n o m e n c la tu re  o f  Bhaxi o t  a l . .  1 9 5 1 ) w ore*.!if3#U K* Nwr UtMW» . V . fir .IT r
0 x1 daGO p o s i t i v e *  . . ‘
S to o l  (1 9 6 2 b )» one o f  t h e  few ta x o n o m is to  who oxam ined 
m ic ro c o c o i  and  e ta p h y lo c o c c i  f o r  o x id a a o  p T O d u etio n , c o u ld  n o t  
f i n d  any  c o r r e l a t i o n  b e tw een  o x id a s e  a c t i v i t y  an d  o t h e r  
b io c h e m ic a l  r e a c t io n s *  A lth o u g h  .Btoel (1 9 6 2 b ) s t a t e d  t h a t  
h e - c o u ld  n o t  comment on . th e  ta.xonom lc s i g n i f i c a n c e  o f  o x id a s e  
a c t i v i t y  i n  m ic ro c o c c i  a n d  s t a p h y lo c o o c i ,  ho show ed t h a t  w ith  
r e f e r e n c e  to  g lu c o s e  m e ta b o lism  " s t r a i n s  show ing  o x id a s e  
a c t l v : l t y  g e n e r a l l y  a p p e a re d  to  b e  o x id isG .re  r a t h e r  th a n  
fo rm o n to r8 " .
A n d erso n  (1962) U sed K o v aes’ (19 5 6 ) m e tî io d .fo r  t e s t i n g  th e  
o x id a s e  r e a c t i o n  o f  205 s t r a i n s  o f  maixlne m ic ro  c o c c i ,  b u t  ho 
fo u n d  t h a t  a l l  h i e  s t r a i n s  w ere o x id a s e  n e g a t iv e  -  t h i s  f in d in g  
c o u ld  be  a t t r i b u t e d  to  th o  f a c t  t h a t  r e s u l t s  w ith  t h e  o r i g i n a l
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m ethod  are  l e a s  ea sy  to  I n t o r p r o t  th a n  -re su X ta  from th e  
m o d i f i c a t i o n  ( S t o o l ,  19621)}
P r o t o o l y t i a  A c tio n
The en^ym io d e g r a d a t io n  o f  r a r io m a  ty p m  o f  p ro to im  h a s  b een  
f 'o g a rd o d  a a  an  im p o r ta n t  c h a r a c t e r  i n  th e  taxonom y o f  
s ta p h y lo e o c c i  an d  r a ic ro c p o c i  from  acme o f  t h e  o a r l i o a t  w ork $ 
(G * g .’; AsidrewoB & G ordon, 1 9 0 ?) to  th e . o l a o a i f i c a t i o n  aohomea 
o f  to d a y  (o * g * } B o ay p a l a t  a l * ,  1 9 6 6 ) . The m oat w id e ly  
s t u d i e d  s u t e t r a t o a  f o r  p ro te o X y a ia  a r e  m ilk  o r  c a s e in  an d  
g e l a t i n .
M ilk  e l e a r i n / : e n d  caae lp i h y d r o ly s i s
" * ■ ‘ , ■
H a s t in g s  (190%)., AlKl-eX-HaXok gi G ibson  ( 1 9 4 8 ) ,  P ik e  (19 6 2 ) . 
a n d  B a l r d - P a r k e r  (1 9 6 3 ) ,  h a v e  r e g a r d e d  c l e a r i n g  o f  m ilk  Im 
m ilk  a g a r  p l a t e s  a© synonym ous w^lth c a s e in  h y d r o l y s i s  »
%)roid.ded th e  p l a t e s  a r e  f lo o d e d  w ith  a c i d i c  m e rc u r ic  c h l o r id e  
( .F r a s i e r ,  1926) to  d i s t i n g u i s h  hetv ;oen t r u e  p ro te o X y s la  o f  
c a s e in  and  c l e a r i n g  o f  th e  m i lk ,  ow ing to  t h e  d l s s o l v l n g  o f  
t h e  m ilk  p r o t e i n  by aX kaX ine oml p r o d u c ts  o f  m otahoX lem ; t h i s  
was f i r s t  p o in te d  o u t  by E a s t in g s  (190% ), A n d erso n  (1962) 
d id  n o t  ad d  any  a c i d i c  m e rc u r ic  c h l o r id e  to  p r e c i p i t a t e  o u t  th e  
r o a id u a l  p r o t e i n ,  and  t h e r e f o r e  l i i a  r é s u l t a  c a n n o t be  com pared 
w ith  th o s e  o f  t h e  ab o v e  author© ..
âbd-o l-M aX ok & 0 ib s o n  (19%8) and  P ik e  (1 9 6 2 ) c o n s id e r e d  
t h a t  m oat m ic ro c o c c a l  and  © ta p h y lo c o c c a l s t r a i n s  ( I n c lu d in g  
th o s e  o f  B tan liy lo co cG u e a u r o n s )  w ore u n a b lo  to  Ix y d ro ly so  c a s o ln ,
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A n d erso n  (1 9 6 2 ) f o m d  t h a t  o n ly  36% o f  h i s  s t r a i n s  w ere  a b l e  
to  c l e a r  m ilk  and  t h a t  l e e s  th a n  a  t h i r d  o f  t h e s e  © tr a in s  v/oro 
a b l e  to  fe rm e n t g lu c o s e .  B a ird -F a5?ker (1 9 6 3 )»  how ever» 
n o t i c e d  t h a t  m o st o f  M s  g lu c o s e  f e rm e n tin g  s t r a i n s  p ro d u ced  
c l e a r i n g  i n  m ilk  a g a r .  I n  r e c e n t  y e a r s ,  n o i t h o r  c l e a r i n g  o f  
m ilk  n o r  c a o o ln  h y d r o l y s i s  h a s  p ro v e d  to  be  o f  a # '  v a lu e  I n  
c l a s s i f y i n g  m ic ro c o e c i  and  s ta p h y lo c o c c i .
Breakdow n o f  jg e la t iB
V i s i b l e  l i q u e f a c t i o n  o f  g e l a t i n  i n  tube©  lia s  b ee n  u ae d  by many 
ta x o E o m is ts  i n  t h e  e l a o s i f i c a t i o n  o f  m ic ro c o o c l  an d  o ta p h y lo -  
c o c c i  (AndrovjGS & Gordon» 190?? Mucker» 192%a»b? A b d -o l-M a lek  
& a ib ao n »  194Ô; Bhaw ^  » 1951$ H i l l»  1 9 5 9 ; F o h ja ,  I 9 6 0 ) .
The p a p e r s  o f  A b d -e l-M a le k  & G ibson  (1 9 ^8 ) a n d  Bhav; e t  a l . »  
(1 9 5 1 ) p o in t  o u t  t h a t  th e y  had  d i f f i c u l t y  i n  d e c id in g  how 
lo n g  to  in c i tb a to  tu b e s  b e f o r e  r e c o r d in g  n e g a t iv e  r é a c t i o n s .
H y d ro ly e io  o f  g e l a t i n  can  a l s o  be d e t e c t e d  i n  an  a g a r  
p l a t e ?  when t h i a  i e  done th e  m o d i f i c a t i o n  o f  F r a s i e r  (1926)
(p a g e  4 1  ) i o  i n v a r i a b l y  u s e d .  Many ta x o n o m is ts  p r e f e r  th e  
p l a t e  m ethod  w hich  g iv e s  a  c l e a r - c u t  p o s i t i v e  o r  n e g a t iv e  
r e s u l t  (Mo© sel» 19 6 2 ; A ndorson» 1962» Koc u r  è  M a r t ln e c » 1962 ; 
B a ir c l-P a rk e r ,  1963) •
M oat coagixlo,ae--p o s i t i v e  s ta p h y lo c o c c i  b r e a k  dovm g e l a t i n  
(Oowan» 1 9 3 8 ? S a i r d -F a r k e r »  1 9 6 3 )» b u t  many o t h e r  Gram p o s i t iv e »  
c a t a l a s o  p o s i t i v e  c o c c i  in c lu d in g  m ic ro c o o c l  an d  s ta p h y lo c o c c i
do ©o a l s o  (Govjan, 1 9 3 8 ;. Shaw e t  o3.. 5 1 9 5 1 1 Ko c u r  &
MaE^'tiBGO, 1 9 6 2 ; B a i r d - F a r k o r ,  I 9 6 3 ) .  A lth o u g h  i t  I s  
f r e o i io n t iy  u a e d  a s  a  c h a r a c t e r  in ,  o l a s a i f i o a t l o î i  aohem ea, 
g o l a t i n a s o  p r o d u c t io n  c a n n o t b e  e o x 'r e la to d  w ith  any  o t h e r  
c h a r a c t e r  (B lo k , 1959):»
E y d r o ly a is  o f  ï ï r o a
Shaw. e t  ajL,., (1951) p re fo r r re d  th e  f e e b ly  b u f f e r e d  b u t  a o n o i t l v e  
t^ rea  medium o f  C h r ls to n a e n  (1946) to  th e  h ig h ly  b u f f e r e d  medium 
o f  S t u a r t  o t  ( 1945) » F o h ja  ( I9 6 0 )  an d  M oasel (1962) a l s o  
u s e d  O h r is ta n s o n k s  (1946) m ediim .
m n e lo w  ^  g l .  (1920)$ , t î t s i n o  g t  a l*  (1938) and  H i l l  & W h ite  
( 1 9 4 1 ). h a v e  shown t h a t  t h e  m a jo r i t y  o f  B to n h y lo c o e c iie  a u r e u s  
s t r a i n s  h y d r o ly s e  .n r e a ,  and  m ore r e c e n t l y  th e  p e r c e n ta g e  o f  
p o s i t i v e  r e s u l t s  r e c o r d e d  by Shav/ ^  ag.. i n  1951 (89%) $
K ry n sk i ot^ a l .  in ,  1962 (36%) an d  M o sse l I n  1962  (80%) s u p p o r t  
t h i s  s t a t e m e n t .  Many c o a g u la s e  n e g a t iv e  m ic ro  c o c c i  and  
a tap h y X o o o ec l a l s o  h y d r o ly s e  u r e a  b u t  th e  p e r c e n ta g e s  o f  
p o s i t i v e  r e s u l t s  by th e  f o l lo w in g  a u th o r s  a r e  n o t  I n  c lo s e  
a g re e m e n t -  Shaw a t  1951  (43% ), F u s ilX o  & J a f f u r s »  1955 (8?%)» 
P o h ja ,  I9 6 0  (46%) m id m a s o l ,  1962 (61% ).
. Shaw j t  | a .  ( 1 9 5 1 ) » F o h ja  ( i 960 ) an d  H o a se l (19 6 2 ) a r e  th e  
o n ly  ta x o n o m is ts  i n  r e c e n t  y e a r s  who h av e  u s e d  h y d r o l y s i s  o f  
u r e a  a s  a  c h a ir a c te r  . in  t h e i r  r o s p o c t i v e  c l a a s i f i o a t i o n a  o f  
m ic ro c o c c i  a n d 's t a p h y l o c o c c i » b u t  th e s e  w o rk e rs  found  t h a t  t h e r e  
was no c o rrre X a tio n  b e tw een  u re a a o  p r o d u c t io n  and  any  o th e r
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c h a r a c t e r  ehom i by  th e  b a c te r i a *
X dm ae . A c t iv i ty .
ï t lp a e e  a c t i v i t y  h a s  n o t  b een  o r a l l y  corasiclorecl to  bo a  
v e ry  In ip o r ta B t c r i t e r i o n  i n  t h e  tas?;oBomy o f  m ic ro  c o c c i  an ti 
a ta p î iy lo c o c c i ,  an d  th e  te sro n o m ia ta  who h av e  n so d  t h i s  
c h a r a c t e r  I n  c la o a l fy lm g  t h i s  g ro ’iap o f  b a c t e r i a  a r e  l i s t e d  In  
T a b le  1 1 * A gar m ed ia  c o n ta in in g  11 d i f f e r e n t  f a t a  w ore 
chosen, by th e  7 m  t h o r s  to  d e m o n s tra to  l l p a a e  a c t i v i t y  by 
s t r a i n s  o f  m ic ro c o c c i  and s ta p h y lo c o c c i  (Abd-^el-^Halek &
G ib so n , 1 % 8  d id  n o t  g iv e  th e  c o n s t i t u e n t s  o f  t h e i r  
® »tribiityrln*^ m ed ium ).
I t  i s  i n t e r e s t i n g  to  n o te  t h a t  B a ird«*P arker ( 1 9 6 3) u s e d  an  
egg y o lk  moctlua f o r  d e m o n s tr a t in g  p x '^ o te o ly e is , b u t  raal'sea mo 
m e n tio n  o f  o p aau e  so n e s ,  w hich  c o u ld  i n d i c a t e  l i p a e e  a c t i v i t y 5 
n o r  d o e s  Pll^e^ ( 1 9 6 2 ) com pare th e  r é s u l t a  h e  o b ta in e d  from 
t r i b u t y r im  a g a r  w ith  th o s e  from  ogg y o lk  * Y et I n  195^ 
G rllX esp ie  & A ld e r  th o u g h t  t h a t  egg  y o lk  o p a c i ty  was c a u se d  by
a  l i p a s e ,  and  i n  1939 d 'e seen  ^  found  a  c lo s e  co:rr©spon**
.
(iencG b e tw een  a  p o s i t i v e  egg yoXlt r e a c t i o n  and  th e  a b i l i t y  to
h y d ro ly a©  Tween 80* I t  seem s from  th e . r e s u l t s  o f  th e  a u th o r s  
■ .
l i s t e d  i n  T a b le  11 t h a t  f o r  a  w ide  ra n g e  o f  s ta p h y lo c o c c a l  and  
m iq ro ço c îo a l s t r a i n s  t h e  breakdow n o f  t r l b u t y r i l n  o c c u r s  m ore 
r e a d i l y  th a n  th e  l i p o l y s i s  o f  o th e r  f a t s  o r  t h e  o p a c i f l c a t i o s i  
o f  egg  y o lk .  Breakdow n o f  f a t  by s t a p h y lo c o c c i  and  micx’o -  
c o c c i  i s  n o t  m e n tio n e d  i n  t h e  6 t h  o r  7 th  e d i t io n ©  ( c o n t r i b u t a r s
T a b le  11
L lnel:m l8  mloi^boooox m d  s tffllx rlo o o ae i?
M th o ro M edim i
' AlxVoX--%lok ,ê, 
Gibson. (194GJY
G lo o s if io a tio n
G obese T able 2
H ill (1959)
Potga (i9 6 0 )
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ifeDUltS
StriU no g w o  th e  8amo 
ro a iil to  on th e  two media 
in  t h e i r  groiipa I I  and I I I , 
b u t mo3?o '('VOD were r*:eoorded 
on tn ib u ty x to  ;ln group I .
Hot 33ïontionecl
2S/i (42 OW*. of 171) of
f s tm ln n  l ij^ o ly tic *  m.8 
snbg^ups a , b| k , & 3. wore 
n a ii" llp o % tlG  ; th e  o th e r  
Bubgs^ups v a r ia b le ,i »v*ir*v.u<*Ww*',«ML#*«Wr#n«,'I»*r * « , >i.ii|ij
.10^ 4 oremi jn ■ 
a  bai^al agœ
9O/Ù o f  h i s  o tno lue  were 
l i p o l y t i c .
■ 1) fj.’l'biityxin
% e  yoiicL.3 1/
haoxl, b u tto n  
and Tweono 20
40 s .60 mid 80
in  a g a r .
groups Xg I I I ,  IV a l l  
b.toko down trib u ty 3 ? in .
Ch?oup 3% f a i l e d  to  do 00• 
P roduction  o f  opuo lty  hi egg 
y o lk  was l im ite d  to  a  toxi 
o tap h y lo co o c i in . Group I ,
.A3.X eu b o tx a tea  wore hydro­
ly sed  by  moot i s o l a t e s  tvhioh 
u t i l i s e d  gluoobo miaorobioaHy 
(eta|iliyXoao'0‘oiyx\^'eon GO was 
th e  f a t  a t ta c k e d  l e a a t ,  Tho 
o th e r  organism e (m icroaoaci) 
.d id  n o t c^oneixîlly s p l i t  th e
f a t s  #
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tn  ïa ls le  1) o f  B©ï>gGy»s îlanisoi (1948; 1957) or  l a  th e papers 
o f  Shm  ©t a l .  (1951) eaâ Moeeel (1962).
Coag a l a s o  %>r odu o t l o a
âltl'Hmgh loG b (1903) reco rd ed  th a t  goose plasm a was c lo t t e d  
l)y B .tgm h^oooo^©  au rq u e . Much (1908) was th e  f i r s t  person  to  
n o t ic e  th e  nnlqnenosm o f  coag tU aso . I lia  oonoliia ions were 
th a t  only pa thogen io  a taphy lo o o o o i produce th e  enzyme, a f a c t  
th a t  subséquen t re a e a ro h  worker© n o t only comfirmed b u t need 
In  a  t e a t  th a t  cou ld  d i f f e r e n t i a t e  p a th o g en ic  Gram p o o lt lv e  
OOGCI, m o rp h o lq g j.c a lly  s i m i l a r
organisms (Oruickshank, 19 3 7 ; Ghapmaa e t  a l* ,1 9 3 8 s  G i l le s p ie  
^  a l ,  ,1939? O h rla tie  & Keogh, 1% 0) *
Much (34)08) n o te d  t h a t  a ta p h y lo c o c c i  w h ich  c l o t t e d  p la sm a  
w ere  a l s o  clum ped by I t *  D u th le  (1 9 9 4 a ,b )  c a l l e d  th e  
f a c t o r  c a u s in g  th e  c lu m p in g  ^^bound" o o a g iile e e  to  d i f f e r e n t i a t e  
i t  from  th e  c l o t t i n g  f a c t o r  w hich  he c a l l e d  o o a g u la a e ,
The p r o d u c t io n  o f  f r e e ^  coagulase can  be d e te rm in e d  by th e  
tu b e  t e a t  ( f l a k ,  1 9 4 0 ) . The clumping p r o p e r ty  o f  
c o a g u la s e h a s  been  u s e d  by Oaduoaa^ciravo© g t  a l .  (1943) i n  
t h e i r  s l i d e  t e s t ,  w hich  can  be u s e d  f o r  th e  r a p i d  Id en tifia , 
c a t io n  o f  "free^^ coagulase p o s i t i v e  s t a p h y lo c o c c i .  ' P e s p l t e  
th e  f a c t  t h a t  G ad n e as-G rav e s  e t  a l .  (1 9 4 3 ) foimû m c l o s eKrtnsSA, vîsiwcst
c o r r e la t io n  between, th e  r e s u l t s  o f  th e  tu b e  t e a t  and th e  s l i d e
3 h ' -
t e s t ,  S m ith  (3*962), egmmlmlmg a t r a l n e  from  d o g a , found  t h a t  
s l i d e  t e s t s  g av e  few er p o s i t i v e s  th a n  d id  tu b e  t e s t s ;  b o th  
E le k  ( 3.959 ) an d  M o rr iso n  (1 9 6 2 ) c o n s id e re d  t h a t  10/3 o f  
w ealtly  eoagu3Laae p o s i t i v e  ( tu b e  t e s t )  s t r a i n s  a r e  n o t  
d e t e c t a b l e  by t h e  s l i d e  t o s t .
TÊiKOEOiiulste o l a s s l f y i n g  m ic ro c a o o i  and  s ta p h y lo c o c c i  i n  
r e c e n t  y e a r s  ai>pear to  h a v e  u s e d  m a in ly  t h e  tu b e  m ethod o f  
F ie k  ( 1 940) ( B h a w ^  ^ .. ,1 9 5 1 5  P o h ja  I 96O; B a lrd -P a r ls o r  1 9 6 3 ) . 
The e l i d e  t e s t  i e  a  v e ry  u s e f u l  t o o l  f o r  a  r a p i d  voiitltiQ 
d ia g n o s lB  o f  c o a g u la s e  p o s i t i v e  S tap h y lo c p p cu s ., an  r o u e ,  b u t  i n  
c r i t i c a l  nom lc a  tu  d i e s  t h e  tu b e  t e s t  i e  a  m ore a c c u r a t e  
m ethod o f  d e t e c t i n g  coaf|u3-aee p ro d u c in g ' orghîrlem av 
The a s s o c i a t i o n  o f  o o a g u la s e  t d t h  p a th o g e n ic i ty  
A lth o u g h  Much ( 1 9 0 8 ) ,  D a ran y i (1 9 2 7 ) ,  'Ohaiman j g ^ ' ( 1934)  » 
Cruâckdiank (1 9 3 7 ) s n d  F a i r  b r o th e r  (1940) a l l  c la im e d  t h a t  
coa.gu3.aae p ro d i^ c tio n  i e  a a s o c i a t e d  v/i'th p a t h o g e n i c i t y ,  I l o k  
( 1 9 5 9 ) o o n e id e ro d  t h a t  t h i s  s ta te m e n t  i© a  g e n e ra l3 ,B a tlo n  and  
'^ c le a r ly  a  p o s i t i v e  f i n d in g  o n ly  r e v e a l s  a  p o t e n t i a l i t y  f o r  
p a th o g e n ic ity ^ ^ *  ■ F o s t e r  (1962) s t a t e d  t h a t  @3.th o u g h  eoag iu laso  
i s  a s s o c i a t e d  w ith  s t r a i n s  from  l e s i o n s ,  t h e  Oirzyi'ae d o es  n o t  
p3.ay 0^ 5^" p a r t  i n  stap h y 3 * o co cca l i n f e c t i o n s *
I n  a d d i t i o n ,  a  v e ry  few coag^.ilase n e g a t iv e  s ta p h y 3 .o o o cc i 
and  m ic ro  c o c c i  h av e  b ee n  r e p o r t e d  a s  p a th o g e n ic *  C im l l f f e  
e t  a l*  (194-5) d is c o v e r e d  a  coagu3*ase n e g a t iv e  s ta p h y lo c o c c u s
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t h a t  oauaod  t e c t o r i a l  e n d o c a r d i t i s  and  r e c e n t l y  2 new a p e c lo s  
o f  p a th o g e n ic  f i i ic ro c o c e i ,  w hich  do n o t  p ro d u c e  coa.gu3.aae, 
h av e  b een  d is c o v e r e d ,  # c r o ^ c c u g j ^ : | a g , c a u s a t iv e  o rg a n ism s  
o f  c o n ta g io u s  Im p e tig o  Im p i g s  (B om pallm sky, 1955) t and  
ilÇ ÏB Ç O ç e u s^ o J^ a ^ ^  an  oî-gasrlsm s-espoasxble fo r  a
human c h r o n ic  s k in  I n f o c t i o n  ( O a s t e l l a u i ,  1955)*
T h e r e f o r e ,  th e ,.c la im  made by o a r ly  m e d ic a l t e e t o r i o l o g i s t e  
t h a t  a l l  p a th o g e n ic  s t r a i n s  o f  th e  M ic ro co cca co a o  m ust bo 
Q oagulasG  p o s i t i v e  I s  no lo n g e r  t ru e *  
mpffl>lMa&g^Pr^Q'ducta.O)i
larbo.? & K iip e r  (1951) foirad th a t  a e e r ta la  dogroe o f e o rre la tio a
02d .s te d  b etw een  phosphataBQ and  c o a g u la s e  p r o d u c t io n  o f  
s ta p h y lo o o c o i ,  an d  th u s  th e y  c o n s id e r e d  t h a t  p h o s p h a ta s e  
p r o d i ic t io n  by a  Gram p o s i t i v e  co acu a  was i n d i c a t i v e  o f  t h e  
orgaixtem beiag  a coagalaae pfoducins B M ^ lM S Ü «S]m ..m S Ê m >
T h ese  a u th o r s  grew  t h e i r  o rg a n ism s  on n u t r i e n t  a g a r  p l a t e s  
c o n ta in in g  p h e n o lp h th a lo ln  d ip h o s p h a te  a t  57^6 f o r  18 h o u r s ,  
an d  th e n  e^posocl t h e  p l a t e s  to  ammonia v a p o u r s ;  p h o s p h a ta s e  
p roeluc iE g  c o l o n ie s  tu r n e d  deep  p in k  on ex p o au ro  to  t h e  am monia.
H i l l  (1 9 5 9 ) , Fxke (1962) and  K ocur & M a r tin e e  (1962) u se d  
t h i s  p h o s p h a ta s e  t e a t  i n  t h o i r ,  c3*aaei f l o a t  lo n e  o f  m ic ro  c o c c i  
and  s t a p h y lo c o c c i , '  b u t  lio c u r  Ê; M a rtin e o  (1962) p ro lo n g e d  th e  
tim e  o f  I n c u b a t io n  to  48 h o u r s  b e f o r e  e x p o s in g  p l a t e s  to  th e  
am m onia. When J a c o b s  g l .  ( 1964) ,  h o w ev er, exam lnotl 533 
s t r a i n s  o f  e ta p h y lo c o c o l  f o r  p h o a p h a ta s e  p r o d u c t io n  a f t e r
i n c u b a t i o n  o f  t h e  c u l t i t r e s  a t  3? C f o r  18 h o u r s ,  th e y  found  
t h a t  p h o s p h a ta s e  a c t i v i t y  waa o f  no v a lu e  i n  d i s c r i m i n a t i n g  
b e tw een  c o a g u la a o  p o s i t i v e  e ta p h y lo c o o c l  an d  coaguX ase n e g a t iv e  
s ta p h y lo c o o e l  a in c e  many o f  t h e  l a t t e r  a l s o  p ro d u c e d  phos*  
p h a ta a o .
B a i r d - P a r k e r  (1963) u s e d  p h o s p h a ta s e  r e a c t i o n  a s  one  o f  
t h e  c r i t e r i a  f o r  h l a  g ro u p  d i v i s i o n ,  b u t  h e  le n g th e n e d  th e  
i n r a b a t i o n  t im e  to  3*5 d a y s  an d  m a in ta in e d  th e  te m p e r a tu r e  a t  
30^0* B a ir c l-P a rk e r  (3-963) found  t h a t  a l l  coaguX aso poE ^itlve  
I s o l a t e s  viero s t r o n g ly  % )hosphatase p o s i t i v e , and  402 o f  370 
c o a g u la s e  n e g a t iv e  s ta p h y lo c o c q i  w ore a l s o  p h o e p h a ta s e  
.p o s i t i v e ;  a  v e ry  feiv à t r a i n e  o f  m ic ro o o cc i. show ed p h o s p h a ta s e  
a c t i v i t y ,  b u t  t h e  r e a c t i o n  w as o f t e n  weeik. C l a s s l f i c a t i o n s  
p r e v io u s  to  1 9 3 1 , o f  c o w s e ,  make no m e n tio n  o f  t h i s  t e s t ,  b u t  
some l a t e r  ^ lu th o ra  I n v o lv e d  i n  th e  taKonomy o f  s t a p h y lo c o c c i  
and  m io M O o ccl a l s o  do n o t  r e f e r  to  i t  ( P o h ja ,  I 9 6 0 ;  A n d erso n  
1 9 6 2 ; lo s G e l  1 9 6 2 ; J o n e s  ^  o l* , l9 6 3 ) *  T h e re  i© no d o u b t 
t h a t  t h e  l e n g t h  o f  I n c u b a t io n  tim e  I n f lu e n c e s  t h e  num ber o f  
p o s i t i v e  r e a c t i o n s ,  and  t h i s  t im e  f a c t o r  m u st b e  ta k e n  i n t o  
c o n s i d e r a t i o n  when p h o s p h a ta s e  p r o d u c t io n  i s  u s e d  a s  a  
c r i t e r i o n  i n  'any  ta so n o m le  schem e.
IIaom olye :m I n d u c t i o n
P r a c t i c a l l y  a l l  e o a g u la s o  p o s i t i v e  B ta p h y l.o c o c c i a r e  known to  
p ro d u c e  haem olyqin©  b u t  t h e r e  i s  l i t t l e  a g re e m e n t among 
ta x o n o m is ts  co n o e rs rln g  h a o m o ly s in  p r o d u c t io n  by  e o a g u la s o  
n e g a t iv e  a ta :p h y lo c o c c i o r  m ic ro o o c c i .
ThroG 8 G r o lo g lo a l ly  d i s t i n c t  h a e m o ly s ln o  a r c  p ro d u c e d  by 
Btm Sïis o f  e o a g u la s o  p o s i t i v e  a ta% )h y lo o o ec l; t h e  o f-h eem o ly s lm , 
a c t i n g  on  r a b b i t  a n d , to  a  l e a s e r  e x t e n t ,  on a h o o p , human and
h o ra o  r e d  c e l l s , (G len iiy  & S to v e n a , 1933)» th e  h o t - c o ld  p
haoM O lysin , a c t i n g  on sh e e p  an d  hum an, b u t  n o t  r a b b i t  r e d  
o e l l e  (G lem iy  8î a to v o n a ,  1935) » and  th e  ^ - h a e m o ly s in  a c t i n g  on 
a h o o p , r a b b i t ,  human and  h o r s e  r e d  q e l l a  ( W i l l l » a  .^4 Harpox», 
1 94?) » l l o k  & îîQvy (IggO b) c o n s id e r e d  t h a t  t h e  Y -h a e m o ly s ln  
o f  S m ith  & P r i c e  (1938b) w as i d e n t i c a l  to  ik e  S ^ -h aem o ly a in .
E l ok & lîOvy (1 9 5 0 b ) , u s in g  a  p l a t e  m ethod  w ith  sh e e p  an d  
r a b b i t  ro d  e o l l a ,  fo u n d  t h a t  one  o f  th e  3  h ao m o ly slm a , cY", p"" 
or w as p ro d u c e d  by a l l  c o a g u la a e  p o s i t i v e  a t r a i n e  and  v e ry
o f t e n  a l l  3  w ore p ro d u c e d . On th e  o th e r  h a n d , T h a tc h e r  &
Simon (1 9 3 ? )  c o u ld  n o t  f i n d  an y  c o m p le te  c o r r e l a t i o n  b e tw een  
e o a g u la s e  p r o d u c t io n  and  o r  p  -h ae rao ly B ia  p r o d u c t io n  o r  
p h ag e  s u s c o p t i b i l l t y .  A bcl-ol Mmlek & G ib so n  (1948) 
m e n tio n e d  t h a t  321 o u t  o f  328 c o a g u la s e  p o s i t i v e  s ta p h y lo c o c c i  
w ere  f^haemolytic^^ o M  a p p a r e n t l y ,  a l th o u g h  t h i s  i s  n o t  c l e a r l y  
s t a t e d ,  p ro d u c e d  ^klarkened sonos^^ on sh e ep  an d  o x  b lo o d  a g a r  
a f t e r  48 houreM in c u b a t i o n  a t  t h e  a t r a in s *  optim um  te m p e ra tu r e  
and  th e n  l e f t  o v e r n ig h t  i n  a  r e f r i g e r a t o r .  From t h i s  
in f o r m a t io n  i t  1$  p o s s i b l e  t h a t  th e s e  321 s t r a i n s  w ere  
h a e m o ly t ic .  P ik e  (1 9 6 2 ) exam ined  326 s t r a i n s  o f  m ic ro  c o c c i  an d
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© tephylocoG C l où  lim ian M ood  a g a r  f o r  h a e m o ly s is  aftoz"^ 
I s ie u b a t lo n  f o r  18 hour©  a t  t h e  atraixi©^' optim um  te m p e ra tu r e  
avul foun tl t h a t  a l l  h i e  e o a g u la s o  p o a l t l v e  s t r a l n a  v /e ro .
I n  f a c t  p ^*hacmolytic^% b u t  ho g iv o a  mo m ore d e t a i l s  a b o u t  
t h e  ty p o  o f  haem olyedm  produced#
C o a g iila se  m o g a tlv o  © tr a lu s
doaguX ase m e g a tiv o  © ta p h y lo c o o e i amd m ic ro e o c c l  do n o t  
p ro d u c e  o r  S"**haemolyaims, and  v/hem I n v e s t i g a t e d  f o r
haem olyslm  p r o d u c t io n  h av e  b een  found  to  be  n e g a t iv e  
(GMpmam jgt a l# ,  1 9 3 4 , €*ov;an,1938s W lllim iG  C: H a rp e r , 1947) *
A b d -e lfH a le k  & G ib so n  Im 1948 how ever ahov/od t h a t  12 o u t  o f  
Xl'3 coaguX aae n o g a t lv e  s t a p h y lo c o c c i  w ere ”h a e m o ly tic '%  b u t  
mono o f  t h e s e  s t r a i n s  p ro d u ced , t h e  p re e e n o o  o f  ^^hiarkemed 
soBGs®® OB sh e e p  an d  ox  b lo o d  a g a r ,  u n l i k e  t h e  e o a g u la s o  
p o s i t i v e  s t r a i n a  ( p a g e - S ? ) .  I t  i e  p r o b a b le  t h a t  t h e s e  12  
s t r a i n s  w ere  n o t^ - h a e m o ly t i c #
' EXek & le v y  (195 0 b ) s t a t e d  t h a t  95#  o f  a l l  th o  ?7  o o a g u la a o  
n e g a t iv e  m ic ro c o c o a l  and  s ta p h y lo o o c o a l  a t r a lm s  th e y  I n v e s t i ­
g a te d  p ro d u c e d  a  h a e m o ly e ln  m m e u t r a l l s e d  b y o ^ - , p -  o r 5^* 
a n t i - t o s r i a s  and  h a o a o ly t i c  f o r  a l l  s p e c i e s  o f  r e d  b lo o d  c e l l s #  
They d e a lg n a te d  t h i s  haeB oX ysin  g .  H i l l  (1 9 5 9 ) in c lu d e d  
th e  p r o d u c t io n  o f  .o<*, -  and  £* -haem olysinB  a s  c r i t e r i a
f o r  h i s  âd a n so m ia n  c l a s s i f i c a t i o n  o f  s t a p h y lo c o c c i ,  b u t  h e  
d id  n o t  d i s c u s s  t h e  r e s u l t s .  I r i s  o n ly  co m ien t l a  t h a t
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u s u a l l y  pr-ocluoeE #<-X y8ia, xûiqs q^bb
« « a  E ^M Sâssm .Ë ^9M M  ^ o t .  
P ik e  (X9SH) fo u n d  t h a t  102 o u t  o f  2g6 o o a g u la s e  m o g a tiv o  
s tra lm ©  w ere  ^ H i a e m o l y , b u t  d o es  n o t  d e e a r lb o  th e  
h a e m o ly s is  proclucGd* T h e r e f o r e ,  t h e r e  i s  © t i l l  r e l a t i v e l y  
l i t t l e  known a b o u t t h e  n a t u r e  o r  tax o n o m ic  o lg m lf ic a n o e  
o f  £ -h a e m o ly s in  *
Many tax o n o m ist©  do not u s e  t h e  h a e m o ly s is  o f  b lo o d  a s  a  
c h a r a c t e r  i n  th e  o l a p e i f i c a t l o n  o f  s ta p h y lo o o G C i an d  a i c r o -  
c o c c i  {Blimi ^  a l * ,  19513 M oaseX, 1962; ICocur & H a r t in e c  , 1962 ; 
A n d e rso n , 1 9 6 2 ; B a i r d - P a r k e r ,  1 9 6 3 ; Ë o sy p a l o t  M . , I 966) . 
Borne o f  th o s e  t h a t  d o , f o r g e t  t o  m e n tio n  t h e  ty p o  o f  b lo o d  i n  
t h e i r  e x p o r lm m its  (Van B s o l t i n e ,  19555 P o h ja ,  i 9 6 0 ; Koc u r  & 
M artinocj»  1963b), a n  o m is s io n  e r i t i s i a e d  strong3*y by B lek  & 
l.*Qvy ( 1950b) an d  Oovmn (19.62) •
T h is  compariBom i s  r e s t r i c t e d . t o  n o n -A d a n so n la a  c l a s s i f i c a t i o n  
sch em es, i n  w hich  c e r t a i n  s e l e c t e d  c h a r a c t e r s  a r e  u s e d  a s  c r i t e r i a  
f o r  p l a c in g  s t r a i n s  o f  m ic ro c o c c i  mid s t a p h y lo c o c c i  i n t o  s p e c i e s ,  
g ro u p s  o r  subgxw.p©  7 th e  A d an so n ian  c l a s a i f l c a t i o n  achem os a r e  
re v ie w e d  on p a g e  ^ \ .
B e fo re  1 9 5 5 , a c id  p r o d u c t io n  from  g lu c o s e  by Gram p o s i t i v e ,  
c a ta ia s e  p o s i t i v e  c o c c i  h ad  b een  u s e d  a s  a  c h a r a c t e r  f o r  
c l a s s i f y i n g  t h e s e  b a c t e r i a , '  b u t  no m e n tio n  h ad  b een  made a s  to  
w h e th e r  t h e  g lu c o s e  had  b een  o x id i s e d  o r  feC T o n te d . A f t e r  
t h i s  d a te a  g lu c o s e  f e r a e n t a t i o n  waa th e  s ta n d a r d  c r i t e r i o n  I n  
m o rp h o lo g ic a l  an d  p h y s io l o g ic a l  o l a s a i f l c a t l o n  echem ea f o r  
d iv id in g  th e  genua  M ic ro c o c c u s  from  th e  g en u s  S ta p h y lo c o c c u s  
(p ag e  \{^) • C o n aeq u cx itly , i t  l a  d i f f i c u l t  to  com pare th e  r e s u l t s  
o f  ta^m n o m lo te  b e f o r e  and, a f t e r  t h i s  d a t e ;  th e  co m p ariso n  i s  
made even  m ore d i f f i c u l t  by th ,e f a c t  t h a t  th e  o n ly  c h a r a c t e r s  
s h a re d  i n  a l l  t h e  c l a .e s i  f l o a t  io n  schem es b e f o r e  an d  a f t e r  1955 
a r e  a c id  ami a c e t o i n  p r o d u c t io n  from  g lu c o s e ,  an d  n i t r a t e  
r e d u c t io n .  I  w i l l  com poro , t h e r e f o r e ,  th e  3 e l a s a l f l e a t i o n  
schem es p re v ilo u s  to  1955 s e p a r a t e l y  from th o s e  p u b l i s h e d  a f t e r  
t h i s  d a t e .
P re -1 9 5 3  e l a s s l f i c a t i o n  R h e m e s  ( f a b l e s  1, 2n 3  an d  12)
The c l a s s i f i c a t i o n  scheme© o f  îlu c k e r  (1943) and  H a l l  (1 9 4 4 ) i n  
th e  6 th  e d i t i o n  o f B e r g e y t e  M anual (1 9 4 8 ) , A b d -e l-M alo h  & G ib so n
Table 12
Qomparison of morpholoMoal and phvsioloMoal classification  
oohemes of mlcroobool md stapbyldooooi .betYfeeu 194B; and 1951
Huoker (l943) and 
H a ll ( 1 9 # )  m  6 th  
e d i t io n  o f  B ergoy’s 














GroixpB Î 3 ,  Î0  
and fD
B a iry  Æo.VgQ,QgQnfa.. 
Grcoiips IIIA  mid 
I IIB




(S .la o tis )
Subgroup 5 




( 1948)9  and  Bhmxi e t  a l .  (1951) ë i a r o  th e  fol3„o\‘d,Bg c h a r a c t e r s» f 4 ■' V tsaWi fWiB*:»  ^  ^ ^
a s  c r i to x r ia  f o r  g ro u p in g  -  p i # e u t  p r o d u c t io n ,  a c id  and 
a c e t o l n  p r o d u c t io n  from  g lu c o s e ,  am i e o a g u la s o  p r o d u c t io n .
The s p e c i e s ,  g.%roupe and aubgroup©  a r e  com pared  i n  T a b le  1 2 . 
P o e t-1 9 5 5  c l a s s l f l e a t i o n  échomc^a (TabXoa ,1# h* 5 and  13) 
AndoraoB (19 6 2 ) d id  n o t  t r y  t o  c l a s s i f y  h i a  s t r a i n s  o f  m a rin e
m ic ro  CO c o l ,  a l th o u g h  ho  a r r a n g e d  them  i n  3.6 u n d e f in e d  g ro u p s ;
M osbgI ( 1 9 6 2 ) waa m a in ly  in te r p r e te d  i n  d i a t i n g u i a h l n g  b e tw een  
8 tan k rv lo co ccu a  a u r e u s  and  S ta p h y lo c q e c u s  sa i? ronhy tic iuD , and ho 
found  t h a t  coaguX aoe p r o d u c t io n  was th e  o n ly  c h a r a c t e r  o f  u s e  
I n  s e p a r a t i n g  th e  B s p e c i e s .  I ,  t h e r e f o r e ,  do n o t  In c J iid o  
th e  M a s s i f i c a t i o n  schem oe o f  A nderson  (3*962) and  M oseel (1962) 
i n  t h i s  c o m p a riso n  (T a b le  I p ) .
The e l a s e i f i c a t i o n  schem es o f  c o n t r i t e t o r s  (T a b le  1 ) to  
? t h  e d i t io n ,  o f  B orgey  (195 7 )*  P lk o  (19È2) an d  B a ir d -P a r k o r  
(1965a )  u s e d  t h e  same f o l lo w in g  c h a r a c t e r s  a s  c r i t e r i a  f o r  
g ro u p in g  -  p ig m e n t p r o d u c t io n ,  g lu c o s e  an d  m a n n ito l  f e r a e n t -  
a t I o n ,  oK idatiO B  o f  g lu c o s e  and o o a g u la s e  p r o d u c t io n .  E o cu r 
& M a r t ln e c  (1962 ) vilio c l a s s i f i e d  o n ly  M icro  c o c c u s  s n e e i e s ,  
n a t u r a l l y  d id  n o t  exam ine e tra iln B  f o r  th e  c h a r a c t e r s  o f  
o a rb o h y d ra te  f e r m e n ta t io n  o r  coaguX ase p r o d u c t io n ,  b u t  t h e i r  
se ll cm o u se d  p ig fiien t p r o d u c t io n  and  o x id a t io n  o f  g lu c o s e  a s  
m ain  c h a r a c t e r s  f o r  g ro u p in g .
I t  i s  w o rth  n o t in g  h e ro  t h a t  B a ird -P a .rk © r (1 9 6 5 a) exam ined  
some o f  A b d -e l-M a le k  & G ib so n ’ s  { I9 48) g ro u p  113: © t r a in s ,  and
gable 13jra»B
Oomuarison o f  morT^ioloMoal and 
0Claemes o f  Bilorococoi and staiPkTlocQCo:
jijOàü, ola s B if io a iio n  
ïetwQeîi
h» i< ■ « in i » i■» i
Contributoxa 
(Table l) In 
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B a ird -F a p k e r  (1 9 6 5 a) com oldored  t h a t  g ro u p  I I IA  wa© th e  
samo a© B a ird -P a rk e r®  a (3-963» 1965a) M Iopococcub © ubgroun 5* 
b u t  t h a t  a t r a i n s  o f  A b d -e l-M alo k  & Qifoaou’ s  (1948) g ro u p  
DkCBg b ecau ao  o f  t h e i r  u m ia u a l r a o rp h o lo g ic a l  an d  p h y s io -  
l o g i c a l  c h a r a c t e r s ,  w ere  n o t  in c lu d e d  I n  th e  f m i l l y  
Mi c ro  €C) e r a  c ea  © •
From th e  I n f o r m a t io n  p r e e o n te d  i n  T a b le s  12 an d  13* th e  
o n ly  g roup ing©  t h a t  a r e  s i m i l a r  I n  a l l  t h e s e  c l a s B l f 1 c a t io n  
achcm es a r e  (X) th e  c o a g u la o o  p o s i t i v e ,  g lu c o s e  fe rm e n tin g  
s 'k a p liy lo c o o e i < B S E iM ££2Ê & «§»JM £â^) » (2 )  t h e  yelloxv 
plgmOBted m icroC O col u n a b le  to  o x ld i s o  g lu c o s e  (M icro co ecu o  
l u t e u a ) , and  (5 )  th e  r e d  plgmentGcl m lc ra e o c e i  u n a b le  to  
o x id i s e  g lu c o s e  (M io ro cg eeu a  r o s e u s ) .
T h e re  i s ,  h o w ev er, no ag ree m en t c o n c e rn in g  th e  tax o n o m ic  
p o s i t i o n  o f  th e  o th e r  g ro iip in g a . I  c o n s id e r  t h a t  t h i s  l a c k  
o f  a g ree m en t I s  due to  th e  s e l e c t i o n  by th e s e  ta x o n o m is ts  o f  
m ain  c h a r a c t e r s  f o r  c l a s s i f y i n g  th e s e  s t r a i n s  i n t o  g ro u p s , 
b e f o r e  th e  tc u io n o m is ts  found  i f  th e s e  c h a r a c t e r s  w ere t y p i c a l  
o f  th e  g ro u p s  th e y  h ad  j u s t  c r e a t e d .  â a  th e s e  m ain  c h a r a c t e r s  
w ere  s e l e c t e d  by th e  a rb lt3 ? a ry  c h o ic e  o f  th e  ta x o n o m is t s ,  i t  
i s  n o t  su rp r lJ ti ln g  t h a t  t h e r e  l a  l i t t l e  a g ree m en t b e tw een  th e  
g ro u p in g s  i n  th e  c l a s a l  f  1 c a t i o n  soliem oe.
In  my o p in io n ,  i t  i s  e a s e n t ia X  t h a t  an  A d an so n ian  ap p ro a c h  
to  c l a o a l f i c a t l o n  s h o u ld  bo a d o p te d , a n d th e n  s e e  i f  any
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B ero3*og ical ty p in g  o f  © tr a in s  v ; i th in  th e  f a m ily  E&S£MS^SS^ ,^9BM  ^
i s  l i m i t e d  to  c o a g u la s e  p o s i t i v e  o rg a n ism s  and  evon h e r e  * 'the 
a m tlg e n io  p r o p e r t i e s  o f  S l^ySSSSS£SlB ^8î3£S& l h av e  b een  
c o n s id e r e d  d i f f i c u l t  t o  e x p lo re *  M ethods w hich  wore u se d  
w ith  s u c c e s s  on o t h e r  b a o t e r i a  f e l l e d  w ith  s ta p h y lo c o c c i*
T h e re  h a s  b een  a  g e n e r a l  f e e l i n g  t l i a t  t h e  a n t i g e n i c  a t r a o t u r e  
o f  t h i s  o rg an ism  i s  ©o complex: t h a t  a s y s te m ic  c l a s s i f i c a t i o n  
can  h a r d ly  bo a c h ie v e d '. f  (C o d in g , I 9 6 0 ) .
The d i f f e r e n t  m ethods o f  s e r o lo g ic a l  ty p in g  and th e  r e s u l t s  
o b ta in e d  a re  l i s t e d  In  T ab le  14* E a r ly  work, baaed on 
a g g lu .tIn a tio n s  and a g g lu tin lm  a b s o rp t io n , cou ld  do l i t t l e  
more th a n  d i f f e r e n t i a t e  betw een th e  p a th o g en ic  and th e  saproph­
y t i c  s t r a i n s  w ith  any c o n s ls to n c y  (K ollo  & O tto , 190$; î l in e , 
1922). The p r e c ip i t a t i o n  t e s t s  o f  J u l im ie l l e  K- Wioghard 
(1935) $ Thompson & Ehoraso (193?) Oowam (1958) showed 
th a t  th e r e  xvero 2 main groups among th e  c o a g u la se p o s i t iv e  
a i r a in s  and B m ain groups a ls o  among th e  s a p ro p h y tic  s t r a i n s .  
However, up t i l l  1939  many coagu lase  p o s i t iv e  s t r a i n s  could  
no t bo ©erO'->typed* The work o f  Cowan (1 9 3 9 ), C h r i s t ie  
Keogh (1940) and Hobbs (1948) produced 3 main and 10 si^btypes 
and a llow ed  s e r o lo g ic a l  ty p in g  o f  âîlM lSS£âS^S£,:.M SSH â be 
perform ed on a w orld-w ide sca3.G b u t ,  a lth o u g h  B rodie ( 193? ) 
r e f e r r e d  to  th e s e  13 su b ty p es  a s  « « In te rm tio n a l ty p o s’%
■Cov;ee C1962) s t a t e d  t h a t  i n t e r n a t i o n a l  body i s  a u t h o r i s e d
Different toohniqixeB of seroloAloal typtuA' 




Methods of serological 
- ty p in g Kesults
Agglutination Pathogenic staphylococci 







3 serologi.oal groups among 
25 stra ins ' of S. aureus
2 groups* 1 ) B.pyoAones with 
, 3 ty p e s  
2) S.epidermidis 
albue with
13 types of S* aureusSeedorf (1924) Complement fixation





2 groups t 1) A "apparently 
viru lent 
strains" -  
B* aureus 
2) D "Avirulent" 









additional group to those 
of JullanellG & Wieghard 
(1935) ajiiong the 
saprophytic s tra ias
Gowan (193B) additional group to  those 
of Ju lia n e lle . ds W ie^ard 
(1935) mong the ooagulose 
-î-ye s t r a in s .
Cowan (1939) Slide agglutination of 
boiled organisms
3 types and an "atypical" 
group Among B.aureus s tra in s
C to is t ie &  Keo^
(1940)
Hobbs ( 1948)
Slide agglutination of 
boiled organisms
, Slide agglutinat ipn of 
boiled organisms .
9 types among B.aureus 
s tra in s  . |
13 types among S.aureus 
s tra in s
Mercier et al*j  ^?aiewm»
(1950)
. Slide agglutination of 
-boiled stra ins
3 ty p es  among B. aureus 














Ltmr*.!#, '■; tg.1 pfcL^ frafrt»^a jaArg-x*t ^
Vdiite e t  a3.#
(19627
î,%thods o f  s e ro lo g ic a l
A g g lu tin in  ab so rp tio n  of 
h e a t t r e a te d  and try p s in  
d ig e s te d  organism s
Se^Tiut prepa7:Gd from 
form alinrkiX X ed s t r a in s  5 
s l i d e  a g g lit t in a tio n  Td/th 
l i v e  s tra in s *
ilg g ln tih in  alDSorpti on 
o f  l iv e  and h ea t k i l l e d . 
s t r a ü is -
Compa3.’iso n  o f  s e ro lo g ic a l  
tyq)08 based on an tigens- 
a -k  and. phage type
M imai. s tra in s- 
precipitation of 
oarboîiydj^ato antigens
M im al. s t r a in s  -  




b) trypsin  stable & heat 
la b ile
c) trypsin lab ile  & heat 
la b ile
9 ty p e s  eunong 540 s t r a in s  
o f S* B im us
10 antigens demonstrated 
(a-k excluding 0) end used 
fo r a typing scheme of 
B*aureus
Broad correlation between 
serological typing and 
pha,ge typing
Ooagulase -i-ve s tra in s 
bojông mainly to  Group A 
of J u l i a n e l le  & Wieghard
3 groups ABO out of 502 
s tra in s  (ooagu3.ase tve) 
d is tin c t from the 13 
serotypes of Cowan (l939), 
C hristie & Keogh (l940), 
and Hobbs (194B)
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to  g r a n t  r e c o g n i t i o n  to  s tap h y lao o o c u ©  s e ro ty p o B " , O é d in g ’ © 
work (X95Sb, 1953c) ■ I d e n t i f i e d  10 a n t i  gem a w h ich  fom oâ  th e  
te© i©  f o r  M .S - ty p in g  eolxeme a m l’OedrlBg & V o g e lsan g  (1 9 5 4 ) , 
w ere  tira© a b l e  to  ty p e  94*6# o f  h o a p i t a l  o o a g u la s e  p o s i t i v e  
■at r a în a *
. A lth o u g h  Cowan (1 9 3 8 ) c o u ld  p la c e  ' e o a g a la s e  p o s i t i v e  s t r a i n s  
from  anim al©  I n t o  J tx l ia n e X le  & W ie g h a ra te  ( 1 9 3 5 ) G roup â ,
W h ite  ^et a l .  (1 9 6 3 ) found  t h a t  o o a g u la a e  p o s i t i v e  a n im a l 
s t r a i n s  w ere  grou:aed s e p a r a t e l y  (T a b le  14) from  th e  13  a e r o -Î
ty p e s ' o f  Cowan ClSk>8), C h r is t iG  & Keogh (1 9 4 0 ) am'd H obbs (1 9 4 8 ) . 
C ed in g  (.1960) co B S id e red  t h a t  th e  e m tig e B ic  d i f f e r e n c e s
o b s e rv e d  i n  a n im a l and  human a t r a i n s  may b e  r e l a t e d  to  h o o t
- .
s p e c ie s *  I t  may w e l l  be  t h a t  s e r o l o g i c a l  c h a r a c t e r s  can 
ch an g e  w ith  en v iro n m en t*
The a e ro lo g y  o f  e o a g u la s o  n e g a t iv e  s t a p h y lo c o c c i  and  
m lc ro e ù o c l  ham n o t  y e t  b ee n  f u l l y  I n v o a t lg a te d *
BovelopsasKt o f # « € 0  typiag
An im p o r ta n t  d o v o lopm en t o c c u r r e d  i n ' t h e  taxonomy- o f
v/lieri F is k  (1 9 4 % ) fo u n d  t h a t  m o st B tra i.n s  
o f  t h i s  o rg an ism  w ere X yeogeiric* From t h i s  o b s e r v a t i o n , he  
began  a  c ru d e  phago  ty p in g  sy s te m  by c r o s s  c u l t u r i n g  many 
s t r a i n s  a n d  lo o k in g  f o r  l y s i s .  • W ilso n  & A tkiB .son (1 9 4 5 ) 
■ iso la te d  a  s e r i e s  o f  p h a g e s  f o r  p h ag e  ty p in g ;  £ W ? àS S S âS S B g  
gurgiiB  s t r a i n s  w ere  ty p e d  by p a t t e r n s  o f  X y s ia  o c c u r r in g  when 
18 p h a g e s  w ere p la c e d  on a  law n o f  g row th  o f  each  s t r a i n *
& K ipoïi (1 9 5 2 )' outeiiâoà t h e  .ran g e  o f  .p liages u se d  
ixi ty p in g  an d  a l s o  n o te d  t h a t  vmal^ r é a c t i o n s  o f  p h ag e  on 
c u l tu re ©  w ould h av e  to  b e  taken  i n t o  a c c o u n t .  - 
G oam dlase p o s i t i v e  s t r a i n s  ' . ■ •
OvQf 90% o f  e t r a l n s  a r e  p h ag e  ty p a b le
and  th e y  can  be p la c e d  I n t o  one  o f  th e  f o u r  iphage. group© . ■
O th e r  s t r a in ©  o f  B ta n to lo c o c o in s  a u re u s  t h a t - a r e ' l y s o d  by 
p h ag ea  b e lo n g in g .to  2 o r  m ore group© o a y m o th b e -p la c e d  i n t o  
any  o f  th e  p h ag e  group© '(Parker, 1962)* . , ■
P hage g ro u p s-rc , I I  and I I I  c o r re s p o n d  a p p r o s i i r a to ly  to  
Goviah*© a e ro lo g lc a X  g ro u p s  I ,  I I  emd I I I . ( î lo b b e ,. ,1948 ; P a r k e r ,  
1962)*  O od ing  & .W illiam s (1 9 5 8 ) a l s o  fo u n d  a  c l o s e  c o r r e l a t i o n  
botw eepf p h ag e  ty p e s  and  O ecling’ s  (1 9 5 2 b j 1953c) s e r o l o g i c a l  
t y p e s .  / . . . . .
W ith in  -the p h ag e  g ro u p s , l y s i s  by. c e r t a i n  p h ag o a  i e  
a a s o c la tG d  w ith  t h e  a b i l i t y  o f  th e  s t r a in ©  to  g iv e  r i s e  to  
p a r t i m i l a r  o lin ic 'a X  c o n d i t i o n s ,  e . g .  t h e  5 2 , 52A, 8 0 , S i  
complete o f  p h ag e  ty p e  w i th in  G roup Ï  c a u s e s  s e v e r e  B o p s is  .in  
hos% )lta l p a t i e n t s  ( P a r k e r ,  1 9 6 2 ) .
Btap h y lo C Q ecu b a u r e u s  s t r a i n a  i s o l a t e d  from  cowe o r  m ilk  a r e  ■ 
v e ry  o f t e n  ly a e d  o n ly  one phàgo  (4 2 D ), w h ich  w ould p la c e  th e  
s t r a in ©  i n  th e  m tm ellanoouB  g ro u p , o th e r w is e  known a s  Group 
I ? ,  (M acD onald , 1946'; S m ith , 1 9 4 8 a ) ..  human s t r a i n s  r a r e l y  
b e lo n g  to  G roup IV ( P a r k e r  1962) • T h is  may bo a  u o e f u l  
c h a r a c t e r  :ln d i f f e r e n t i a t i n g  b o W een  bovirae an d  Immau ty p e e .
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t ïm M M poSSmLâM Sm. s tra in s from sIîqgp appear to be mostly
untypabX o w ith  îmman p h a g e s  b u t  may be s u b d iv id e d  w ith  p h ag e s  
i s o l a t e d  from  o v in e  a tap liy X o c o cc i < 0 m ith , 1 9 4 8 b ) . T h u s , 
t h e r e  can  h e  r e l a t i o n s  b etw een  th e  phage  p a t t e r n  o f  a s t r a i n  
and it©  e n v iro n m e n t.
G q ag u la se  n e g a t iv e  s t r a l n a
A lth o u g h  t h e r e  a:oo p h ag e s  which a c t  on c o a g u la a e  n e g a t iv e  
s t r a i n e  o f  m lo roG ooo l and  s ta p liy X o o o o e i, t h e s e  p h a g e s  eeem ,
BO f a r ,  to  be  o f  l i t t l e  m se i n  d i s t l n g u i s h i n g  a p e o ie s  v / i th ln  
t h i s  g ro u p  (Oovmn, 1 9 6 2 ) . Ab y e t ,  h o w ev er, p h ag e  ty p in g  o f  
a o a g u la s o  m  g a t l v e  m ie ro o o G c i an d  s ta p h y lo c o c e i  h a s  n o t  b een  
fu3J.y ex am in ed .
S8
EC0X.QQ1CAI. CHâSACïœS
T he fôcionçG o f  aooXogy can  be d o i in o d  a s  t h e  s tu d y  o f  o r g a n is m s . 
i n  r o l a t i o n  to  t h e i r  s u w o u a d in g B . S t r a i a s  o f  t h e . 
m ibrocoecu8-G taphy3*oooooiie g ro u p  p i  O F g a n lm e  h a v e  b een  
s tu d tlo d  from  a  v a r i e t y  o f  h a b i t a t s  and  many o f  th e  r e c e n t  
c l a s s i f i c a t i o n  schem es o f  t h i s  g ro u p  w ore i n  f a c t  e v o lv e d  a s  
t h e  r e s u l t  o f  l i m i t e d  k n o w led g e  o f  m io ro c o c c i  a n d  s ta p h y lo o a c c i  - 
from  a  p a ? ? t lc u la r  h a b i t a t #  . F o r  i n s t a n c e ,  b e f o r e  th e y  
p ro .so n to d  t h o l r  c l a s s i f l e a t i d n  schem e, â t)d -e l-M a le k  & G ibson  
. (3.948) fo u n d  t h a t  ’^ d i f f i c u l t i e s  w ore im m e d ia te ly  on c o u n te re d  
when a t t e m p ts  w ere  made to  I d e n t i f y  e ta p h y lo c o c c l  an d  
m ic ro o o o c i I s o l a t e d  from  m i lk ’’,  and  on  f lisc u as in g _  s t r a i n s  o f  
. Gram p o s i t iv e - ,  c a t a l a e e  pO B itlvo , c o c c i  p r e s e n t  i n  th e  human 
m o u th , P ik e  (3.962) fo u n d  t h a t  ’%o r e c e n t  tasronom ic s tu d y  o f  t h e  
o r a l  M lcrococoacea©  a p p e a r s  to  h av e  b een  made an d  t h i s  may b e- 
t h e  eausG  o f  i n a c c u r a t e  n o m e n c la tu re ,  common i n  d e n t a l  
. l l t e r a t n r o ,  v lilc h  im p e d es  c o m p ariso n  o f  d i f f e r e n t  a u th o r s ^  
findings®*'# P ik e  (1962) th e n  w ont a h e a d  an d  p r e s o r t e d  h i s  own 
c l a s e i f l c a t i o n  schem e f o r  o r a l  s t a p h y lo c o c c i  an d  m ic ro o o c c i*  
A lth o u g h  Bkm  e t  a l ,  (1951) d i d  n o t  thli:ïlx t h a t  th e  s o u rc e  o f  
a  cu X tu ro  s h o u ld  h av e  any  p la c e  i n  a  b a c t e r i a l  c l a o s l f i o a t l o a  
achom e, th e y  and  a l l  t h e  tai^conom lats l i s t e d  i n  T a b le  1 5 ' • , 
m e n tio n e d  a t  l e a s t 's o m e  d e t a i l s  o f  th e  s o u r c e s  o f  t h e i r  s t r a i n s .  
G e o lo g ic a l  in f o r m a t io n  o f  a t r a i n s  w i th in  th e  f a m ily  
M ic ro c o ee ao e a o  i s  shown i n  T a b le  15* I  h av e  aum m arisod  t h i s
I n f o r m a t io n  a n d ' t l i l e ,  w ltli  some a d d i t i o n a l  ra a te r ia ? - , i a  
g iv e n  b e l o w . .
(1 )  C o a g u la so  p o s i t i v e  s t a p h y l o c o c c i t -
C oagulasG  p o s i t i v e  s ta p h y lo c o c c i  a r e  fo u n d  i n  t h e  tom an m ou th , 
human an d  a n im a l s k i n ,  and a r e  o f t e n  a s s o c i a t e d  w ith  r ln fo e tlo î ia  
i n  man an d  a n im a ls .  ' O o ag u laae  p o s i t i v e  s t a p h y lo c o c c i  from  
human s o u rc e s -  can  u s u a l l y  b e  c l is t ln g u la h o d  from  th o s e  on 
a n im a l sourecoa by th e  h a e m o ly s in e  procM ood an d  p h ag e  ty p in g *
<2)
G oagulasQ  n e g a t iv e  s ta p h y lo c o c c i  a r e  f r e q u e n t l y  fo u n d  i n  th e  
human m outh  an d  tom an  and  a n im a l sk inând .F aay  o c c a s i o n a l ly  o c c u r  
i n  d a i r y  p r o d u c t s .  T h e re  i s  - l i t t l e  e v id e n c e  f o r  a s e o d a t i n g  
e o a g u la s o  n e g a t iv e  a ta p l iy lo c o e c i  w ith  d i s e a s e ,  b u t  r e c e n t l y  
two d l f f e r o n t  i n f e c t i o n s  v ;ere found  to  bo c a u se d  by two 
o o a g u la s e  n e g a t iv e  i* lu co se  fem ien to rsi*  One s t r a i n -  M ic ro c o eo u s  
M M ü â  r e s p o n s i b l e  f o r  an  o u tb reo lc  o f  c o n ta g io u s  im p e tig o
o f  ew lne ('B om pallm sky, 1953) and  th e  o t h e r ,  M icro  co ccu s  
v i o l q ga b r i e l l a e , f o r  a  c h r o n ic  human a k in  i n f e c t i o n  ( C a e te l l a n i*  
1 9 5 3 ).
(3 )  # a m s m s & : -
M ic ro c o c c i  a r e  th e  p re d o m in a n t members, o f  th e  M ie raco ccacG ae  i n  
.such h a b i ta t©  a s  a i r ,  a o lX , w a te r , ' c u re d  and  fe rm e n te d  m eat 
n ro 'd u e ts ,  a n d  m ilk  an d  d a i r y  p ro d u c e . M icro  c o c c u s  s p e c i e s ,  
a s  d e f in e d  by E v a n s , 1 9 5 5 , I n  ? th  e d i t i o n  B a rg e y ’ s  M anual 195?# 
- a re  n o t  kno'on t o  c a u s e  d iB o a a e .
Table 15
EGolp^i c a l  f in d in g a  o f a u th o rs  aiiiGo 1 9 #  who have s tu d ied  
t he t a xonoiiiy o f  jiilc^occi and stap lxy locoqci.
iHPim.M nmf-meismatr
Authors MaM sources in v e s t ig a te d E co lo g ica l re su ).ts
Abd-el-M alek 
& Gibson (1948)
G lass l f ig a t io n  
$chemo -  Table 2
cows* u d d e rs , raw m ilk , 
pasteux^ised m ilk , sheep 
sicin, humg,n ak in  and 
in f e c t io n s
S tra in s  from huma.n 
and anlmiaX b o d ies bo3-ong 
to  t h e i r  S taphylococcus 
group I .  S tra in s  from 
Bulk and d a iry  equipment 
belong to  t h e i r  h e a t  
r e s i s t a n t  daixy  
m icrococci group I I I .
E lek & Levy 
(19506)
Human and anim al sk in  
and In fe c t io n s .
Coagula so 4- ve s t r a in s  î
2 " - and ^  haeniolysins 
occu rred  v e iy  frequent3.y 
i n  human s t r a i n s ,  /3' 
haem olysins c h a r a c te r i s t ic  
o f  anim al b u t n o t hÿm n 
s t r a i n s .
Coagulaso -  ve s t r a in s :
human and anim al sk in  
s t r a in s  e i th e r  produce 
haem olysin o r  a re  non- 
haem o ly tic .
Siiaw ^  a l . . 
(1951)
Ola s s i f I c a t io n  
Scheme -  Tab3.e 3
Huimn, dogs, sheep, cows, 
m ilk , ic e -c ream , d a iry  
u t e n s i l s ,  food , a i r ,  w a te r , 
s o i l  and sewage.
"Source o f  a c u ltu re  
should  n o t have a  p lace  
i n  any b a c te r ia ) , 
c l a s s i f i c a t i o n  scheme" « I  
Most s t r a in s  f e l l  in to  
Shaw ^  ( 1951) 
subgroupings 1 , 2 and 3* 
Sources o f  a l l  subgroup 
4 s t r a i n s  n o t knoxm and | 
sou rces o f  only  a  few o f 
subgroup 5 s t r a in s  loioxm. !




C lin ic a l  sources and 
cheese and b u t te r
Coaf^ulaso -I- ve s t r a in s :
slTrains fram" c l i n i c a l  
sources -  pliage group I I I  ; 
comiaon, 42G r a r e ,  S tra in s , 
from d a i ly  p ro d u c ts  -* 
m ostly  42D group IV o f 
bovine o r ig i ï i .






C linical sources and 
cheeseaand butter
im la ta i  from dairy 





1 uWra u m  
1 1*
;1)
f  m # a  




3) h m m  raepim toiy tra c t 
and dima#ed j,ob#em
4) a lr^  m i l ,  duiA, mW,
0©a imWr 'm â  
tûv:mîf bfan#
16 ssagoiss o i  - 
#!f%0 in  
2 Qpooisn # f
2 ppaelcri of cmm
from eiourao© in  3J # ’
10 $ p w iQ o  qs g # M m




#$'alny bulq% to 1 
.,S#laatiG ûuteTOmi 3 of
&» ( I951) mxd









1 a l .  (1*2)
owed m û  fo r« n te î  
mrmt prDduetOÿ (e#BÛaG0 !
■tvo fmm 
atu%)
OOMp* iiddera, WJLk md 
oWenG*
;
Fork a.nd Imeozi mlcmOxumo 
related* Majority of 
l<3#aWn boloEE #  # w .: âà„S3s^ (1951) subgroup
&AEtAWl:k ye
#n#o m e ti t lo  I n  o6%* ::
ig iii is is ,A ,m jlsa ^ « a 5  ; 
0ÏS wMers# in  ehC'sgs W i  . : 
à i l l î ,  !
Table 15 (contlnuecl)




B a ird -
Parker
(1965^)
Hainan and animal mouths, 
saliva and carious teeth .
Horth Sea south-east of 
Aberdeen a t  10 m.
Human nose and skin, 
fermented meats, bacon, 
brine, pork, a i r ,  so il 
and sea*
Staphylococci dominant 
members of I-Iicrpcocc- 
aoeae in  hmmn mouth.
S* la c tis  found 
occasionally in  carious 
teeth  but not saliva* 
Sarcina lu tea occasionally 
in  saliva but not in  
eax'ious tooth.
MicroCOCCUS spp. not 
found in  human mouth* 
Gaffli5^ <i totragona found 
only in  human saliva and 
carious tooth#
Most strains " ferment a t ive! 
and many proteolytic . No j'-' 
conclusions drawn betweem 
euviromeht and Anderson’s . 
subgroupings*
Ooagulase -  vo stra ins 
only: Stapljylococei
predominant in  humn nose 
and akin, especially 
Baird-Parker (1963,1965a) 
subgroups I I  and VI* 
Micrococci predominant 
in  the q ir  (es]pocially 
Mcx*ococcua subgroup^ 3 ), 
so il , meat £Uid daiiy ' 
produce*
(4 )  a B e o io a s -' #%vw<\iTfK%v>r:i4fT%ï.'rT ^ ^
O afftea to ti^B M O 'ua  l a  lim xriafely fourad only In  the  tamara mouth 
an d  r o o p l r a t o r y  t r a c t .  lio m ari o o o u ra  I n  d leoaae .d
l o h a t e r o j  b u t  ivaa tho u ^ ;h t by O o a te r  & W h ite  (1964) to  be  a n  
âerQCOccus eneoleam' and th e re fo re  o u te lth  the  family 
M ie ro e o o c a c o a ê .'•TJtjv:*î7K.»,viï*r>^tsrTwfeï4*ï?i>nvViir«ï^:ï^*Jv\*r^^
(5 )  0 a r ç ln a  a p e c le a jw
■■•^arclnaa a r e  knorui to  o o c u r  I n  h a b i t a t  a  s : l a l l a r  to  thoae- i n  
n h lo h  m lc ro G o e o l l i v e . '
â l th o u g h  eomo I n f o r m a t io n  l e  known a b o u t t h e  e c o lo g y  o f  
Oram p o o l t lv o ^  c a t a l a s e  p o s i t i v e  c o o c l \  e v ld e n o o  h ao  n o t  boon 
im t fo rw a rd  by an y  ta y o n e m le t thatp'" f o r  i n a t a a o e , '  m ic ro c o c o i  
fo u n d  I n  m ilk  and  m ilk  p r o d u c ts  may be m ore 3>ikqly to  u t i l l  so  
l a c t o s e  th a n  m le ro c o o c l  fo u n d  I n  s o i l  o r  w a te r . '  I n  o t h e r  
w ords no re a e a rc U  -work, h a a  b een  done to  aeo  I f  any  jphyéio'*» 
l o g i c a l  c h a r a c t e r  can  be a s s o c i a t e d  w ith  t h e  o o cu iT e n çe  o f  an  
organiBB?, i n  a  p a r t i c u l a r  h a b i t a t . '
^ 71 ^
M I J 031.,. OF...
à r e l a t i v e l y  mew a p p ro a c h  to  t r y  to  s o lv e  th e  p ro b lem ' o f  
o la B s ify iB g  a t r a im a  o f  m ic ro 00c o l  and  e ta p liy lo o o o o i i a  t h a t  
o f  th e  s tu d y  o f  th e  ch e m ic a l na tu res o f  c e l l  com posionta a e id  
h y i l r o ly s l a  p r o d u c t s  o f  c o l l  v /a llog  Guga3?Bg am ino an g a r  a  and  
am ino a c i d s  (Oummlna & B a r r l a ,  19$ 6a$b:# P ik e ,  Î 96S 5 B alrcV  
P a r k e r ,  196S>a)s lyooaym e h y d r o ly a ia  p ro d u e ta  o f  c e l l  w a llo p  
am ino a c i d s  (B e lto m  & P a v l i k ,  I 960) :  a c id  o s s t r a c ta b lo  i o i c h o i c  
a c i d s  from  c e l l  t m l l s  an d  w hole  c e l l e  (D av laon  & B a d d lle y ,  
19635 b o s a e g a rd  & O e d in g , 1 9 6 # , b ;  ■Baird^^Parkor, 1 9 6 5 a ) : 
a c id  QJs t r a c t  a b l e  am imp a c i d s  from  w hole c o l l a  (0 ro g b ry  & 
M a b b it ,  1957? B e l r d ^ P a r k e r ,  1965a ) .
Oummins & H a r r i s  (1956b) em m lm od a c id  h y d r o ly s e  t e e  o f  e o l l  
w a l l  p r e p a r a t i o n s  o f  60 s t r a i n s  o f  Gram p o s i t i v e  b a c t e r i a ,  
i n c lu d i n g  16 e t  m i l l s  o f  c a t a l a a o  p o s i t i v e  00 c e l ,  by t h e  
te c h n iq u e  o f  p a p e r  c h ro m a to g ra p h y . f h e y  ansO^ysod t h e s e  
h y d r o ly s a t e s  -fo r  t h e  p r e s e n c e  o f  s u g a r  a ,  œ l u o  s u g a r s  9 and  
asBino a c i d e ,  mïû d iv id e d  th e  15 a t r a l n a  o f  Gram p o s i t i v e ,  - 
c a t a l a e e  p o s i t i v e  c o c c i  i n t o  3 g ro u p s  on t h e i r  c e l l  w a l l  
c o m p o s it io n .
I n t o  g ro u p  1 th e y  p la c e d  9 a t r a i n s  o f  th e  o rg a n ism s
ê S s s È 2 a â S 2 s m s ! s ^ »  â fe -s iÈ a â»  S s m 2 2 $ m J s $ s « j
an d  B a ro in a  l u t e a s  c e l l  w a l la  o f  th o s e  s t r a i n s  c o n ta in e d  th e
, _ ^ r* 72 *
aame amrlEo a.o ida,;,,am ino s u g a r s  and  s u g a r s  w ith  t h e  e z e e p t lo n  o f  
B G o n a t i tu o E ta ,  g lu c o s e  a n d '- s e r in s  ( f a b l e  I S ) ,  b u t  Oummine & 
H a r r i s  ( 1 9 5 6 s )  c o B a i d 0 3 ? o c 1  t h a t  ‘ f i i V t h o r  d i v i s i o n  w i t h i n  t h i s  
g ro u p  v/as n o t  e a sy  to  j u s t i f y  on. t h e  b a s i s  o f  th e  r e s u l t s  th e y
' o b ta in o d *  ' . '
I n t o  g r o u p '2 ' th e y  p la c e d  1  a t m i u  o f  M io ro eo ecu a  
t e  milom ei'^atu a  an d  4  s t r a i n s  o f  A ero c o c c u s  v l r id a M *  (to im lna 
pi H a r r i s  (1 956k)' fo rm ed  t h i s  g ro u p  a s  d i s t i n c t  from  g ro u p  1 ,  
s i n c e  th e  s t r a i h s  i n  g te u p  .2' ô o n ts i t e d  g a la c to a a m iu o  b u t  n o t  
g ly e lm o  I n - t h e i r  c o l l  w a l la  (T a b le  16)*  ' I  f i n d  ^ h ia  g ro u p in g
d i f f i c u l t  t o  àg ree - w ith  s i n c e ,  . f i r s t ,  when I  lo b k e d  a t  t h e i r  
r é s u l t a  H a r r i s ,  1956&) !• fo u n d  t h a t  o n ly  B o f  th o s e
s t r a i n s  (2  te ro c o b 'o u g  a p * ) ' h ad  I d e n t i c a l  c e l l  w a l l  c o m p o s itio n  
a n d , Boc.ondljr, th e y  do not d i s t i n g u i s h  b e tw een  th e  c a t a l a s e  
n e g a t iv e  o r  weak A^\o.coccma sp* and  th e  s t r o n g l y  c a t a l a s e
p o s it iv e  MsmmsmM 8P» .
B ip co  th e  t h i r d  g ro u p  c o n s i s t e d  o f  2 nomoû e p o o le s  o f
M icro  CO c c iià . w h ich  w ere  Xtl f a c t  d lp h th e r o i d a ,  a s  the^? a l r e a d y
knew {Bhaw. ^gt a l . , 1951) and  .a d m itte d  (ô m m iu a  & H a r r i s ,  1 9 5 6 a ) ,  '
. B a lyd"#P arksr ( 1 9 6 5 a ) q u i t e  c o r r e c t l y ,  r e j e c t  eel i t  from  any  ■ .- 
tasm nom lc s t u d y . i n v o l v i n g  Gram p o s i t iv e ^  a a t a l a a e  p o s i t i v e  c o c c i .  
P ikO ' ( 1 9 6 2 ) an d  B a ird ^ P a rk o r  (1 9 6 5 a) a l s o  em m in e d  eoino o f  t h e i r  ■ 
s tr^ n in a  o f  m ic ro c o q c l  an d  a ta p h y lo c o c o i  by t h e  cel3 . w a l l  
. a n a l y s i s  te c h n iq u e  o f  'Cumminë & i l a r r i s  (1 9 5 6 a ) . The r e s u l t s  
of. t h e  3 ’.p a p e rs  a r e  su m m arised ' i n  T a b le  1 6 . On. t h e  w h o le .
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B aird -P ark e r
( 1965a )
Ho* o f




Subgroup 7 ( 3)■*''* 
Subgroup 8 ( 3)m : ljt:» j-gA^vHr?tapcrat;?afey*'-'‘^i
Subgroup 
S arc in a  ( 2)
f;'*camfr,vr:7#
fx îin o ip a l components used  
fo r  c l a s s i f i c a t i o n
GalaotO’» 
samlne
Uiu- 1 faea: Gly
oinecose
Af*i>#*[t>îyir=5te:£ecTi*6Miew«»
numbers in  b ra c k e ts  s t r a in s  Tr t r a c e  H .L. c= n o t looked
f o r
S' preseixe p re se n t in  sm all amounts absen t
P ik e  (1 9 6 2 ) an d  B a i:e d -F a rk e r  ( 1955a) c o n firm  t h e  w ork o f  
Onmmine & H a r r i s  { '1956a), t a t  B o irc l-F a rk e r  {1965a) found  t h a t  
g a la e to s a m in e  was p r e s e n t  i n  t h e  c e l l  w a l l a  o f  a31 a i c r o c o c c i ,  
a  r e s u l t  t h a t  Cumînina & H a r r i s  (1 9 5 6 a) d id  n o t  show .
I t  seem s t h a t  c e l l  w a l l  a n a l y s i s  l a  o f  i t s  g3?G atest 
tassoiiom ic v a l u e ,  w i th in  t h e  Gram p o s i t i v e ,  c a t a l a s e  p o s l t i v o  
GOcol. I n  th e  s e p a r a t i o n  o f  membere o f  th e .M ic ro c o c c a c e a e  
from  o t h e r  c o c c u s - fo rm in g  g ro u p s  o f  b a c t e r i a .  W ith in  th e  
m ic ro C O c c u o -s ta p h y lo c o c c u s  g roup* h o w ev e r, c l a s s i f i c a t i o n  by 
t h i s  ta c h n iq u o  i s  l i m i t e d  by th e  h o m o g en e ity  o f  t h e  compo­
s i t i o n  o f  t h e  c o i l  w a l l s  ( P lk b ,  ,1962? B aird^^Parkorg  1965a ) ,  
a l th o u g h  i t  i s  po sè ib 3 .o  tb  d i s t in g u is h ,  b e tw een  2 o f
o rgan iE m a w i th in  t h e  M ic ro 00eq a co a e  on t h e  b a s i s  o f  t h e  
p ro so n e o  o r  a b s e n c e  o f  s e r i n e  i n  th e  c o l l  w a l ls ?  t h e  ro d  and  
y e l lo w  p ig m e n te d  m ic r o e o e c i . m m b le  to  u t i l i s e  g lu c o s e ,  do n o t  
h a v e  s e r in e *  w h e re a s  o t h e r  K ilo ro co cc l ' and staphyX ^ococci c o n ta in  
t h i s  am ino a c i d  i n  t h o l r  c e l l  x v a lls . B im lla ^ rly , a  t r a i n s  o f  
M icroGOecus' ro sem s do n o t  h a v e  c o l l  w a ll  g ly e in o ,  w h e rea s  
o th e r  Gram p o s i t i v e , c a ta la s G  p o s i t i v e , o o e e i  p o s s e s s  t h i s  
am ino a c i d  I n  t h e i r  cel3 , w a l l s .
R e l a t i v e  M o le c u la r  P r o p o r t io n s  o f  C e l l  W all ilm ino A c id s  
B .a lton  & P a v l ik  ( I9 6 0 )  t r e a t e d  c e l l  wa3.1 p r e p a r a t io n 's  o f  s t r a i n s  
o f  Cram p o s i t i v e  b a c t e r i a  w ith  egg w h ite  ly sesiy m é , and  th e y  
œaiTîined th e  r e s u l t a n t  c e l l  w a ll  h y d r o ly s i s  p r o d u c t s ,  T a b le  17 
show s t h e  r e e u l t s  t h a t  th e y  o b ta in e d  f o r  1'2 s t r a i n s  o f  Groh
ï s È l a J I
R e la t iv e  moleoulai^ u ro p o rtio n a  o f  th e  p r in c ip a l  amiuo ao ida in  o e i l  
v /a lle  o f n ti'a in o  th e  ae ro b ic  Mi or o Goooaoeae
.no
:lTl0000CU8




3 .13 . c i t r e u e
3 .3
MoToooocus 
o i t r e u s  N.0.W.O
7731
0 .8
M.lv e o d e ik tic u e  m orococoug 
H .C .S .C . 2665 s«6group 7
2 .3
S aro ina  f la v a 2 .2
S aro in a  lu te a MloroooocuO 1.6 2 .0
1 .7
Rom enolaiuro o f Saltoia & P av lik  ( 196O)
pcH S ltlvo , c a .ta la ô e  p o s i t i v e  e o c c i .  ■ .S a l to n  & P a v l ik  (I9 6 0 ) ' 
ctlcl not coim nont.on th e  . to im o ir ic .  a i ^ n i f i c a u o o  o f  theiUf 
I n  a d d i t i o n s  th e  a o i irc e s  o f  o n lj  5 o f  th e  © tr a in s  v/ore g iv e n  
by S a l to n  & P a v l ik  (1960)#  and  o ln o o  th e y  d id  not t r y  to  
c l a s s i f y  t h o i r  © t r a in s  by p h y s i o l o g i c a l  t e s t s *  t h e i r  r e s n l t s  
c a n n o t be a t r i o t l y  o.om parod mXtlx t h e  r o a u l t a  o f  o t h e r  
ta :ïionom lsts#  C e r t a in l y  B a lr d -P a r k o r  Cl9??9a) w as n o t  g n a t ! f l e d  
i n  - a s s ig n in g  5 o f  t h e  IB' s p e o i e s .o f  S a l  tom & P a v l ik  ( I9 6 0 )  
i n t o  B a ircV lP ark o r ( Î9 6 5 a )  g ro u p in g s^  s in c e  h o  m e re ly  dW nced  
from  th e  g e n e r i c  an d  sx se o if ic . imnoB t h e  a im r o p r la to  g roup ing©  
( I 'a b le  1 ? )*  I lo v o r th o lo a s ^  i t  l a  p a a s l b l o  to  aay». from  th e  
r é s u l t a  o f  S a l to n  & P a v l ik  .( I9 6 0 )#  t h a t  f i r s t ,  th o  - c e l l  v m lla  
o f  t h e i r  §^j?ilE2f£Ëâ£ÉB^ © poolo s  c o n ta in  a b o n t  ^  t im e s  a s  muaii 
g ly c in o  a a  t h e  c e l l  v/a3.1a o f .  t h e i r  H ic ro c o e c u s*  B a rc in a  and  
B p o rq e a ro in a  s p e c le s â  s e c o n d ly *  o n ly  th e  S ta r h y lo o o c c n s  s p o c ie a  
c o n ta in  s e r i n e  I n  t h e  c e l l  n a i l s  (page© 7 2 7 3  ami t h i r d l y ,  - 
t h e  c e l l  w a l l s  o f  t h e i r  M ic ro o o c c its .ro s e u a  a n e c ie a  d i f f e r  from  
th o s e - o f  o 'th e r  M ic rb c o c c iis  su G o le s  i n  t h a t  th e y  c o n t a in  mo 
g ly c in e  (p a g e  7 3  ) and  tw ic e  a s  much c0 .a n in e .
I'rora t h e  r e s i f l t s  x^ rosen ted  in^ !i?able 1 ? ,  X ' f in c l a  c lo a o  
c o r r e l a t i o n  b e tw een  th e  r e l a t i v e .  m oieeiiX ar p r o p o r t i o n s  o f  th e  
f i v e  am ino a c i d s  o f  S m r o ô a ix d m  u s ^ .o ,  an d  th o s e  o f  a l l  th o  
o t h e r  M icro  CO c on :3 e p o o io o , w ith , t h e  OKCoptioB o f  M ic ro coo eu s  
r o s o u s .  Y e t o t h e r  I n f o r m a t io n  m akes i t  m ore 'p ro b a b le  t h a t  th e«œ>tvW)5î=«*='J!^is«=» ■ ' ■ -
g em is  i s  m ore c l o s e l y  r e l a t e d  to  th e  f m i i l y  -
** y 5 **
B a û i l l a e e a o  th a n  to  t h e  f a in i ly  M ic ro c o cc a o aa o  (M acD onald , 1962 
Kocui* & M a r t ln e c ,  1965b* p ag e  |8  ) •  f h u a ,  i n  tny o p in io n ,  
aioro work w i l l  h a v e  to  be done bo f o r e  any  d e f i n i t e  c o n c lu s io n  
can  be draw n ab o u t, t h e  w o rth  o f  r e l a t i v e  m o le c u la r  p r o p o r t i o n s  
o f  c e l l  w a l l  am ino a c i d s  i n  tasroaom lo s t u d i e s  o f  th e  fa m ily
T o ic l io lc  A c id s
T e lc h o lc  a c i d s  a r e  found  I n t r a c o l l u l a r l y  I n  a l l  m ic ro c o o c l  and  
s t a p h y lo c o c c i ,  b u t  a r e  o n ly  p r e s e n t  i n  th e  c e l l  w a l l s  o f  some 
o f  t h e s e  organism ©  (D a v iso n  & B& \ddiley, 1963) • % e s e  
a u th o r s  c o n s id e r e d  t h a t  a  c l a s s i f i c a t i o n  o f  s t a p h y lo c o c c i  c o u ld  
be e v o lv e d  on t h e  b a s i s  o f  t o io h o i c  a c id  c o m p o s i t io n , and  
p ro p o s e d  a  d i v i s i o n  o f  s t r a l x i s  I n t o  3 g roupsi, o n e  g ro u p  
c o n ta in in g  s t r a i n s  w ith  r i b i t o l  t e i c h o l c  a c id  i n  t h e i r  c e l l  
w a l l s ,  a n o th e r  g ro u p  c o n ta in in g  s t r a i n s  w ith  g ly c e r o l  t e i c h o i c  
a c id  I n  t h e i r  c e l l  w a l l s ,  and  a  t h i r d  g ro u p  c o n ta in in g  s t r a i n s  
w ith  no to io h o l c  a c id  i n  t h e i r  c e l l  v / a l l s .  F u r t h e r  w ork by 
Xioanogartl & Q edlB g ( 1 9 6 3 a ,b ) , D av iso n  e t  a l .  @ (1 9 6 4 ) and  
D av iso n  & B a d d lle y  ( I 9 6 4 ) on  th o  t e i c h o i c  a c i d  c o m p o s itio n  
o f  s t a p h y lo c o c c a l  c o l l  w a l l s  by c h e m ic a l ,  o n sy m ic , an d  s e r o ­
l o g i c a l  m eans h a s  e x te n d e d  th e  num ber o f  r e c o g n i s a b l e  g ro u p s  
from  3 to  6 , t h e  c h a r a c t e r s  o f  w hich  a r e  sum m arised  i n  T a b le  1 8 . 
B a irch '-P ark er (1 9 6 5 a) r e p o r t e d  t h a t  v a r i a b l e  am oun ts o f  t e i c h o i c  
a c i d s  w ere  p r e s e n t  i n  t h e  c e l l  w a l l s  o f  m o st © t r a in s ,  b u t  w ere  
n o t  d o te o to d  I n  v ;a l l s  o f  s t r a i n s  w i th in  th e  b iochem  1 c a l l y
Table IB
Coiapositlon and c h a ra c te rs  o f  th e  te ic h o ic  a c id s  o b ta in ed  from 
some B taphylococcx acco rd in g  to  Davison & Bad d ile y  (196^3. 
Dav idson  e t  al& (1964) and L osnegara & Oedin/
S tr a in s
â^âlSÛ2£oS£HS
auz*oua
(most s t r a in s )
â feg M sao fic» .
au reu s
" s t ra in s )
T eicho ic  a d d
in te rm e d a te  
s t r a i n s  
between S, 
au reu s and« PijiRtHj.*.!!*,!. iqr
S.G pidei^nidis . 
Tcoagdase^ve )
n». 'f inm m
S* ep iderjiiid is"-!) 
g3?oup 2)
3)'
I n t r a -  













Compos i t  j.on o f  w a ll 
te ic h o ic  a c id
P o ly o l
E ibitoX
K ib ito l




m ix tu re  o f  
b o th  Q(r & 8  
K -a ce ty l 
glucosam ine
S e ro lo g ic a l
carbohydrate
a n tig e n s —Wfc-w»
only one 
type  o f  
lin k a g e  o f  
M -ace ty lg lu - 
cosamine 
e i th e r  c< o r  ^
linlcage c o r r ­
esponds to  po ly­
sacch a rid e  A o f  
Ideghard  & 







re s id u e
p -  g lu c o sy l 
re s id u e
p o ly sacch arid e
AG
probably  po ly ­
sacch a rid e  B
unlmom
G“  g ly c e ro l te ic h o ic  a c id E — r i b i t o l  te ic h o ic  a c id
in a c t lv o .  M ic ro e o o c iis ,o ir tg ro u p s  y. and  8 ( T a b le  5 ) .  I t  : 
seomo t o  me t h a t - i n  c e l l  w a l l  h y d ro ly a a te ©  • t h e  a te o a e o  o f ,  
t e l o l i o l c  ao'lûB c o r r e la te ©  w e l l  w ith  th e  ab ao n eo  o f  is e r ln e
(p a e o  7 5  ) ,
C e l l e
I
H at t i c k  o t  a l*  (1 9 5 6 ) w ere  t h e  f l r a t  ta;m m om lstG  to  shov; t h a tWEg#<SR» ^
c h ro m a to g ra p h ic  a n a ly .a lo  o f  a c e t i c  a c id  œ t r a c t a  o f  w hole c e l l s  
w ere  o f  tiso  Mi c l a s s i f y i n g  b a c te r i a #  t ia in g  th e  earao te c îm iq u o , 
G reg o ry  & M ab b it (1 9 5 ? )  G:mmlned rexD<^oaontativo s p e c ie a  o f  
c o c c i ,  o l a a a i f i e d  a c c o r d in g  to  tlie .a c h e a io  o f  Shaw e t  a l . , 1951' pnCi^n »  ^"
(:T.a,ble .3 ) .  A lth o u g h  G reg o ry  & M ab b it (1 9 5 ?) ioxmû t h a t
dlJ3t;lng«;lf3.hocl from  ■
by p a t to r n e 'Q . f  E in h y d r in » s ta in in g  am3.no a c l d e  an d  p e ir tic le a , 
th e y  w ere  m m b le . t o  c l3 ,f f e r o n t la te  b e tw een  S , 3 -actds., S . ro a e n a  
and?-S. a f o r m ô n ta a s . ■ Baird«#PaA0r-- (1 9 6 5 a ) ,  u s in g  t h e  e rn e  
•tGchnicnie* eKaiswlnod 46  o f  h i s  m :lc ro co cca l an d  s ta p h y lo c o c c a l  
e t r a i n e ;  ho  fo u n d  2  ^ m ain  p a t t e r a a .  One p a t t e r n  was t y p i c a l  
o f  s ta p h y lo c o c c i^ ^  mombors o f  M ic ro c o caua.. s u b g ro u p s  1 -3
an d  some memberr^j o f  M ic ro oocc.ua Bubgroux^a 5 an d  6 (T a b le  5)*
The o t h e r  p a t t e r n  was shown by t h e  m a j o r i t y  o f  s t r a i n s  o f  
M icro  CO cc ita  s u te r o u n  3 mid a l l  t h e  s t r a i n s  b e lo n g in g  to  
Micx'^oeoücma su b g ro u p s  ?  and 3 .  A lth o u g h  t h e  u s e  o f  t h i s  
t e c h n iq u e ,  l i k e  t h a t  o f  c e l l  w a l l  a n a l y s i s  (p a g e  7 |  ) seem s ' = 
to  be  a  l i m i t e d  one f o r  th e  e l a s s l f i f c a t i o n  o f  s t r a i n s  w i th in  
lÉsmsmSSm ëaS# u se fu l fo r  r o jo c t ln g  organisms
7 ?  -
th e  f a m i ly ,  a s  whom G reg o ry  & - M ab b it (19 5 7 ) fo u n d  t h a t  t h e  
d i f f o r o n e e  betweom th e  p a t t e r n  o f  aiîïimo ae id©  amd x^eptilclea o f  
s tra lH G  o f  A b d -o l-M a lek  fi; G ib so n  (1948) g ro u p s  ÏXIA an d  11 IB  
(T a b le  2 )  w as g r e a t e r  than hetxmon ' t h e  ty p e  s t r a i m s  o f  
S ta p h y lo d o c c u o  a u r e u s  amd 8 . s a p r o 'p h j t io u s .  T a k in g  I n to  
aocoiim t th o s e  r e s u l t  a an d  h i  a  oim  f im d in g s ,  B a 3 .rd -P a rk e r  (1965©) 
cornai d o r  Gd t h a t  g ro u p  IX IB orgam lam a o f  A bci-b l-M alok  & G ibson  
(1 9 4 8 ) a r e  mot m em bers o f  th e  Ml e r o o a c c a e o a e .
'.ï!TE MOXJ'lGlîLA^ BîOLOaiCAL APPROACH ÏO CMBSIPICAWIOK
e,^tr*AWîT1t^îiîr=^erLtt.:tï.lU"^^ï:AVwrT=r:îre3;*-:a>ii,^>x-ti,TC7rF^brVrv>i'*^fckÿ7<:;5?eir«^.i^ î ■
One o f  th e  m o st ^ .m porta iit an d  r e e e n t  d e v e lo p m e n ts  I n  th e  
tassonom io f i e l d  i s  t h e  u s e  o f  th o  s t r u e t i i r e  o f  th o  t e c t o r i a l  
DM moleou3,0 a s  a  c r i t e r i o n  f o r  c l© a a if3 .o a t io n  ^  th e  mbq o i  
t h e  s t r u c t u r e  of- b a c t e r i a l   ^DM f o r  tas^oaom ic p u rp o a o a  i s  
c a l l e d  t h e  m o lo c u la r  b lo 3 ,o g lG a l a p p ro a c h  to  c l a m s l f  1 ca t3 .o n . 
A t p r e s e n t  th e  tasronojaio  t l n t o r e a t  l*ioo w ith  ( a )  t h e  r a t i o  o f  
g u a n in e  to  c y t o s i n e ,  B b a s o s  on. t h e  DM m o io o n le , f o r  
d l f f e x te n t  b a c t e r i a ,  (b )  t h e  b a s e  se q u e n c e  o f  d i f f e r e n t  
baote5Xla-l an d  v i r a l .  DM mo3.ocn3.es, an d  ( c )  t h e  d e g re e  o f  
homo.logy betv/oon DM mo3.ecule©‘ o f  d i f f e r e n t  s t r a i n s .
V t e e e  R a t io s  '
Tho t a s m n o m i e . f i c a n e è . o f  BM. b a s e  r a t io ©  . in  t h e  fam l3 .j
m m m m m m  - ^
Tjoo o l .  (1 9 5 6 ) w ere  th o  f i r s t  p e 0%)lo t o  s tu d y  DM b a s e  
r a t i o s  o f  o rg a n is m e . a-a a  b a e ie  fo r .  c l a s s i f y i n g  them . They
c a l c u l a t e d  th e  r a t i o  D M s o f  60 a tra * in aguaLUi,ne cy tfOe.me
o f  b a c te r i a l ,  in c lu d in g ..  8 m aab era  o f  .th e  f a m ily  H ic rp o o o o a q e a e , 
an d  a l th o u g h  Xfoe e t  a i .  (1 9 5 6 ) # d  n o t  w ork o u t  t h e  m o le s  % 
g u a n in e ■,*«* c y to s in e ,  i n  t o t a l  DM b a s e s  {# OG r a t i o s ) , .which 
s u b s e q u e n t  ta x o n o m is ts  s tu d y in g  DM b a s e  r a t i o s  o f  m ic ro c o o c l  
an d  s te ip h y lo e o c c i  h a v e  d o n e , I  c o u ld  e a s i l y  c a l c u l a t e  % 00 
r a t i o s  from  t h e i r  t a b u l a t e d  r e s u l t s .
Bohacek ^  . ^ #  (19 6 5 ) : an d  A u io t t a  & K ennedy (1 9 6 6 ) h av e  a l s o  
exemulned DM b a s e  r a t i o s  .of Gram x ?o s ltiv e - c o c c i  an d  com pared
«f» 7 9 m
th e ix ' % GC r e s u l t©  w ith  p h y s io lo g ic a l  c l a s a l f i c a t l O ï B o f  th e  
same a t r a i n s .
Tho r é s u l t a  o f . a l l - t h e s e  a u th o r s  a r e  sum m arised  i n  T a b le  
19* Bohac'ek ^  g l#  (1965) and  A u le t t a  & K ennedy (1966) 
h a v e  c o n f irm e d  th e  e a r l i e r  i7oa.i?; o f  L ee  e t ,  a l .  (1956) on th e  
% GC r a t i o s  o f  s t r a l n e  o f  th e  g e n e ra  S ta p h y lo c o c c u s ,
MicroCOco u s  and  S a ro ln a *  and  h av e  a l s o  shown t h a t  m oat 
s t r a i n s  o f  Gram, p o s i t i v e  c o c c i  f i t  i n t o  2  l a r g e  h u t  d i s t i n c t  
g ro u p s  o f  % QO r a t i o s : -  o n e  g ro u p  c o n ta in s  s t r a i n s  w hich  h av e  
a  low  % GG r a t i o  (5 0 -3 9 )  Mnd t h i s  ooxu^eaponda to  th e  g en u s 
S;fcrMjyl.QcocjîVLe as  re*defineâ  by Bvans (1955) 5 the  o tb e r  group 
c o n t a in s  s t r a i n e  w hich  h av e  a  h ig h  % GC r a t i o  (59*^75*5) and  
t h i s  c o r r e s p o n d e  to  t h e  g en u s  M ic ra c o c c u s  ( I lu c k e r , 1954$ 33%'e@d, ^' Wi»>#to*«îts3ic<çgrwhŒïi3tarsji*^‘tJWûiW^»*^ * # «f #« t f 9
1954) and  B a rc in a  (Bm lt* 1 9 4 9 )•
The s m a ll  an o m alo u s  g ro u p s , shown I n  T a b le  I 9 , o f  B ohacek 
©t (1965) and  A u lo t t a  & Kennedy (1 9 6 6 ) ,  c o n ta in  s t r a i n s ,  
w h ich  a r e  no lo n g e r  c o n s id e r e d  to  be mem bers o f  t h e  
M ioSS£2S££Se^S5 S M iM B Sm ^  (Breed, 1955)»  S g g ro a g x c J ja  ju reas 
(M acD onald, 1962* MaBanec o t  a l . 1 9 6 5 ) .
B l l v e a t r l  & H i l l  (3.965a) wm?e th e  f i r s t  ta z io n o m is ts  to  
com pare a  c l a s s i f i c a t i o n  o f  Gram x > o s itiv e  c a t a l a s o  p o s i t i v e  
c o c c i  by n u m e r ic a l  t^sïônoBîle ( o r  i n  B i l v e a t r i  & H il l* © , 1965©@ 
te rm in o lo g y  » ®^tcnroinetri<90 m eth o d s w ith  a  e 3 .a s s i f i c a t i o n  o f
Table 19
The x'*olationship betv/eon DNA base ra tio  c3,assif;lcationa and 
morpholoRlca]. and phvslo3-ogical cla ss ific a tio n  schemes as
found v a r io u s  a u th o rs .
A uthors St37aiilS
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and p h y s io lo g ic a l 
c l a s s i f i c a t i o n  o f  
Ko cu r & Xiartinec 
(1962) and DMA 
base r a t io s




of Staphylo * & piiysiological
c l a s s i f i c a t io n
Pa.crococcus,  and DMA base
Gaffk y à  anq r a t io s  
Bax’c in a
5 S tap ly lococcus au reus 
s t r a i n s  v 5 th  s  30*7
- 3 2 .
1 M icrococous ly sp d e ik tic u s  
o tra ia i w ith  a  %G0 r a t i o  
71*9
1 S aro ina  f3,ava s t r a i n  vd th
a  /ohQG r a t i o  o f  6B.6, and 
1 B arcina lu te a  vd th  a  
I'GG r a t i o  o f  63*9
2 main g ro u p s ;-  1) 6 s t r a in s  
w ith  GO vadaies 30 .2  -  35*6 ^ 
ferm ented g lucose  belong to  
th e  genus Staphylococcus
2) 23 s t r a i n  
m th  GO v a lu es  65.5 -  75*^ % 
d id  n o t fen n en t g lucose end 
belong to  th e  genus ;
Hlcxx> coccus
1 sm all an o m lo u s g ro u p ;- 
co n ta in ed  1 s t r a i n  
M .cryophilus and 1 s t r a i n  o i 
Fediococcua vrXth GO va3-ues 
of/p. *3 -  44*4 p
2 main g ro u p s;-  1)1? s t r a i n  
w ith  GO v a lu es  30 •• 39% 
ferm ented d ex tro se  -  
S tapliy lo  coo cue au reu s -  
e p ld e rm id ia -v io la g a b rlo lla o
group
IT) 19 s t r a in :  
m t h  GO v a lu es  59 -  72^ 
d id  n o t ferm ent d ex tro se  -  
M icrocoocus & B arcina group 
1 sm all anomalous g roup:-  
1 s t r a i n  S porosarc ina ureae 
m th  GO v a lu es  43/  ^ -  
excluded from MicroCQCcace4<
— 80' —
th e  aamo a trra ia©  on th e  bael©  o f  BHA b a s e  r a t io © .  B i l v e a t r i  
& E i l l  (1965©) Gxamiued 13 s t r a im o  o f  B ta p to lo e o c .c u s  
(n o m o n o la tu re  o f  Shaw ^  1951 ) # w h ich  h ad  boon p r e v io u s ly
o la e a i f iQ d  by W il l  (1 9 5 9 ) and  H i l l  (19 6 5 ) by ta x o m e t r ie
m e th o d s (p a g e  6 |( ) ,  an d  came to  th e  G onaLuaion t h a t  t h e  
d lv ia r lo n  o f  Qmm p o s i t i v e *  o a t f f ia a e  p o a i t i v o  c o c c i  i n t o  2 
g ro u p s  by  % GÜ r a t i o s  c o u ld  be  c o r r e l a t e d  w i th  th o  d i v i s i o n  o f  
t h e  Boxm s t r a i n s  i n t o  2 m a in  g ro u p s  by ta x o ri? û tr ic  m eth o d s 
(T a b le  2 0 ) .  -
R o ay p a l (1 9 6 6 ) a l s o  com pared  a  c l a a a i f l c a t i o n  schem e
o f  s t r a in ©  o f  m ic ro  c o c c i  an d  a ta p h y lo c o c c i  b a s e d  on % Clü r a t i o s  
w i th  a  n u m e r ic a l  tasjonom ic m ethod  o f  c l a s s i f y i n g  th e  nomo 
s t r a i n s .  They d iv id e d  37 s t r a i n s  i n t o  ?  BHA b a s e  r a t i o  
g ro u p in g s ,  w h ich  H o sy p a l ' o t  ‘ (1966) th e n  f u r t h e r  ctlv:lded
i n t o  10 s u b g ro u p s  by s i m i l a r i t y  v a lu e s  c a l c u l a t e d  • from  th e  
r e s u l t s  o f  t h e  n u m e r ic a l  ta x o n o m ic  m ethod  o f  c l a s s i f i c a t i o n  
( f a b l e  2 0 ) ,  One o t h e r  su b g ro u p  <3c) c o n ta in e d  1 s t r a i n  o f  t h e  
s p e c i e s  M icro  c o c c u s  cl o n i t r i f  l e a n s , ' and  on  : th e  e v id e n c e  o f  
B a l r d - P a r k o r  (1 9 6 5 © )» who c o n s id e r e d  t h a t  th e  s p e c ie o  was m ore 
c l o s e l y  r e l a t e d  to  ^^Oraaa n e g a t iv e  ' gonera*^ th a n  to  t h e  
M lc ro c o c c a c e a e , HosypaX (1966) r e j e c t e d  i t  from  t h e i r
c l a s s i f i c a t i o n  schem e o f  m ic ro c o c c i  and  s t a p h y lo c o c c i .
W hereas th e  r e s u l t s  o f  B i l v e s t r i  & H i l l  (1965©) w o  i n  
a g re e m e n t w i th  th o s e  o f  B ohacok ^  (19 6 5 ) an d  A u lo t ta  &
K ennedy (1 9 6 6 ) i n  t h a t  m ic ro c o c c i  an d  s ta p h y lo c o c c i  can  be
iH  O
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d iv id e d  i a t o  2 maim g ro u p s^  th o  o l a a s i f i e a t i o m  schem e o f  
H oeypal . ^ t  a l*  (1966) I s  s t i b e t a a t i a l l j  d i f f e r e n t  I n  t h a t  i t  
c o n t a in s  7 m a in  gronpa*
A l th o n ^ i  I  o o n a id e r  B o ey p a l o t  (1S)66) d i v i s i o n  i n t o
g ro u p s  and  s u b g ro u p s  to o  f i n e  from th e  r e s u l t s  t h a t  th e y  
o b ta in e d  ( s e e  c r i t l o l a a  o f  re s m l/ts  bolov;) th e y  o la:W  t h a t  t h e i r  
schem e ro s e ra b le s  t h a t  o f  B a:lrd« )?arker (1 9 6 g a) ‘fab 3 ,o ,5  «* a t
3.e a s t  i n  t h e  M ic ro e o c c u a  g ro u p in g s*
V ery  r e c o n t l y  I l l ' l l  (1 9 6 6 ) p ro d u c e d  an  In d e x  o f  % 0G r a t i o b  
o f  many b a c t e r i a l  s p e c i e s  from  c u l t u r e  c o l l e c t i o n s .  He h a s  
t a b u l a t e d  th e  % 0G r a t i o  3 ? o su lts  o f  v a r io la s  a u t h o r s  o f  69 
named s p c c ie e  o f  3 g e n e ra  i n  t h e  M lprocQ C caceao and  th e s e  
r e s u l t s  a r e  e x p re s s e d  g r a p h i c a l l y  i n  9?abl.o 2 1 . H i l l  (19 6 6 ) 
d id  n o t  d i s c u s s  o r  comment on  th e s e  r e s u l t s .  % e  nam es o f  th e  
s p e c i e s  l i s t e d  u n d e r  M icro  c o c c u s  a r e  a a  fo llo rz s : '^
( 5 ) * ,  C  ) ,  C ) ,
C D , ( S ,
c s> , < s ) ,  E i*JriU s£g3â®  <D*
( 8 ) ,  iW r n e M M M M m  < 3 ), E v im â M â is g a g  C D ,
M. roeeuG ( ? ) ,  and 2 unlmovm MicroeoequB spOGloe*
E ven I f  t h e  s p e c i e s ,  v jh ich  a r e  no lo n g e r  c o n s id e r e d  to  be
m m b e re  o f  th o  s m m  l i c r o c a ^ ^ a g ,  (B ohacek  o t  o l . ,
/
19655 uoage 3t{- ) ,  (VOxiioovon, 19575 Bai3?â"
Parker, 1965a 5 [p a g o S ^ ), (SoM asoa &
Gibbons, 1952|''.page S Z ) »  M« m ftlottorans (Work, 19645 '.paga 3% )
a r e  rem oved from  th o  ab o v e  l i s t  g th e  c o r r e s p o n d in g  % GO r a t i o s
H m ib ers  i n  b r a c k e t s  s t r a i n s
gable 21
8 U9bbJ base mtip..aeau^^ fog, t he 3,. genera in  the 
fam ily |,finTOnoonftGaae expreosod .^^àphloallv
' #Wu.,
41 M oroûoeoiis spp* 
10 S a ro in a  app^
Moles fo guanine 4- oÿ tosiile  (5^0C) in  t o t a l  MA b ases 
30 35 40 45 5P 55. 60 65 JO 75
© xpreased  in  IPah’i o  21 a r e  l i t t l e  a l t e r e d ,  an d  a t e a i n a  o f  
Micro.C.Oecus can  b e  fo u n d  trXtli % GO r a t i o s  o f  34$ 45*^51$ 53*5*^
5 8 .5  an d  6 3 .5 - 7 5 .5 .  f lm e , ' H i l l  {19,66) h a s  s h o rn  th&t t h e  
g e jm s M iey o co ccu s  c o j i t a ln s  s t r a i a e  w ith  a  ma oh v /iâey  i*aago o f
f) GO r a t i o s  th a n  liad p r e v io u s l y  been  th o u g h t  (U?aMea 19$ 20 & 2 1 ) .  
nam es o f  t h e  l i s t e d  S a r c i a a  s p o e ie s  ( H i l l ,  1966) a r e  a s«U3mR-Mp:3mi%imcA!#!*wew  ^  ^  ^  ^ -w
f o l l o w s ; -  â s -J k l? ^ a £ â â c a  ( 1 ) » ,  < D .  ( 4 ) ,
<3).
S S S S M a (§ 2 2 S 2 E p S iE i)  2J£êâ® I s  r m o v e d  from  th e  gonus
S a rq ip g  on t h e  e v id e n c e  o f  HacBoneCid (1 9 6 2 ) ,  K o cu r & M a r tin e c
( 1963b) am i M asanoo o t  g l .  (1 9 6 5 ) (p a g e s  t h e  o t h e r
l i s t e d  B a rc in a  s p e e io s  c o n ta to  ,a r e l a t i v e l y  n a rro v / r a n g e  o f
% GO r a t i o s  o f  64^ 7 4 *
^ h e  r e S i i l t s  o f  ^  GO r a t i o s  o f  S a rc in g . s p e c lo s  shov/a by B i l l
(3 ,9 6 6 ), t h e r e f o r e ,  a g r e e  v rith  th o s e  o f  th o  taK O nora is ts  H a t e d  
« } ’ . '
i n  " fab le  1 9 , i n  t h a t  th e  r a n g e  o f  B a rc in a  % GO r a t i o s  f a l l s
v irlth in  t h e  r a n g e  o f  M ic ro co o cu a  % GO r a t i o s  an d  t h a t  a tx ’a ln e  u i t h ^
i n  th e  g en u s  B a rc in a  c a n n o t b e  d i s t i n g u i s h e d  by BM b a s e  r a t i o s
from  a t r a i n s  w i th in  t h e  gonus M lo rocoocua  ( s e e  a l s o  p ag e  14  ) .
A lth o u g h  m oat ta sc o n o m ls ts , e . g .  Bhaw £ t  (1 9 5 1 ) ,  H i l l>
( 1 9 5 9 ) ,  P ik e  (1 9 6 2 ) an d  H i l l  è t  a l .  ( 1 9 6 5 ) ,  y o e o g n ls o  th e) * ‘
a p o c le a  l i s t e d ,  hy  H i l l  (1966) undey  Bt^JÊMlSMmS&JZ
(3-7)» , â â J - . iS M a  (3 )  a n d  (4 )  -  a s  b e lo n g in g  to
t h a t  g e n u s , P o h ja  ( I9 6 0 )  an d  B a irtV P ark e i^  ( I9 6 5 à )  c o n e ld e re d
lu m b e rs  i n  b r a c k e t s  s t r a i n s .
83 ^
t h a t  s t r a i n s  o f  S* l a e t i a  sh o u ld  bo p la c e d  :ln th e  goxme 
I# e w c o o c u 8 *  W hichever tax o n o m ie  v ie w p o in t  l a  ta l ie n  o v e r  t h e  
■ g en e ric  p o s i t i o n  o f  B. l a c t l a^ a l l  b u t  ono o f  th o  s t r a i n s
NtC.^O.C. 7564) l i s t e d  by H i l l  (1966) f a l l  i n t o  a  
r e l a t i v e l y  n a rro w  % 00  r a t i o  (30 >^*4 0 )*
I t  d o e s  seem $ h o w ev er, from  th e  r e s u l t s  p r e s e n te d  by  H i l l  
( 1966) s in c e  th o  3 s t r a i n s  l i s t e d  h av e  3 2 $ 36*3 and  69 % GO 
r a t i o s  r e s p e c t i v e l y ,  t h a t  5 .  l a e t i a  c o u ld  bo  a  h e to ro g o r^ o u s  
g ro u p , a  v iew  h e ld  by G reg o ry  & M ab b it (19 5 7 )$  H i l l  (1959)*  
P o h ja  ( i 960 ) an d  B a ircW P ark er ( I 963)# a n d , i n  a d d i t i o n .  H i l l  
e t  o l*  ( 1 9 S5 ) showed t h a t  t h i s  anom alous s t r a i n  o f  S . l a e t i a  
i s  m ore r e l a t e d  to  th e  M ie ro co co iis  r a s e u s  ^  a fe rm o n ta n s  g ro u p  
Of o rg an ism s , th a n  to  th e  B ta p h y lo c o ccu a  a u r e u s  -  s o p ro p h y tio u s  
3APM:g g ro u p  by n u m e ric a l tax o n o m ic  m e th o d s (T a b le  2 2 ) .  
T h e r e f o r e  i f  th o  DBA b a s e  r a t i o  r e s u l t s  o f  t h i s  one s t r a i n ; -  
(H .O .TfC* 7564) a r e  e x c lu d e d  from  th e  % GC r a t i o  r e s u l t s  o f  th e  
Bt a p h y l000c c u s  ap* p r e s e n te d  by B i l l  (1966)$  t h e  r e s u l t s  a r e  i n  
agî?eem ent w ith  th o a e  o f  t h e  ta x o n o m is t  a l i s t e d  i n  T a b le s  19 and  
2 0 , i n  t h a t  s t r a i n s  o f  S ta io to lo c o c c ^  s p .  h a v e  a  low  p e r c e n ta g e  
o f  g u a n in e  and  c y to s in e  i n  t h e i r  D M .
Time i n  r e v ie w in g  a l l  th e  r e s u l t s  o f  DNA b a s e  r a t i o  s t u d i e s  
o f  m icroCO G cl an d  s ta p h y lo e o c c i*  I  f i n d  t h a t  t h e r e  I s  e v id e n c e  
a t  p r e s e n t  to  s u g g e s t  t h a t  s t r a i n s  can  b e lo n g  to  one o f  two 
g ro u p s  dopencil.ng on  t h e i r  % GO b a s e  r a t io S j ,  bu t. th o  am ount o f  
w ork d o es  n o t  j u s t i f y  a  f i n e r  d i v i s i o n ,  and  c e r t a i n l y  th e  % GO
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r a t i o s  o f  s ts^ a ln a  o f  c o c c u s  s p o c io e  m u st bo  èxaralaocl
f u r t h e r  b e f o r e  an y  t r u e  c X a s s i f i è a t l o n  schem e c a n  b e  doviaocl 
f o r  th e  M icroGOccaoGae on  th e  b a a la  o f  DBA b a s e  r a t i o s .  I t  
:l0 p o s s i b l e  t h a t  a s  m ore s t r a i n s  o f  Gra^n p o s i t i v e ,  c a t a l a s o  
p o s i t i v e  c o c c i  a r e  exm iinedp  aome s t r a i n s  w i l l  b e  fo u n d  to  
h av e  ff lâ  b a s e  r a t i o s  i n t e r m e d ia t e  b e tw een  th o s e  o f  s ta p h y lo ­
c o c c i  ( 3 0 -4 0  % GO) an d  m ic ro  c o c c i  (6 5 -7 3  % GO).
C r i t i c i s m  o f  r e s u l t s -  - . . '
T h e re  a r e  two p o i n t s  o f . c r i t i c i s m  1 w ould l e v e l  a g a i n s t  th e  
•five c l a s s i f i c a t i o n  schem es l i s t e d  i n  T a b le s  1 9 ,2 0 ,  & 8 1 .
(1 )  tn  a l l  t h e s e  schem es r e l a t i v e l y  few s t r a i n s  w ore ex am in ed . 
I f ,  s a y ,  200 s t r a i n s  w ere  to  be ex m iin o d  by t h e  g ro u p in g  and  
s u b g ro u p in g  a r ra n g e m e n t o f  B o sy p a l et^ (1 9 6 6 ) ,  i t .  i s
■ h ig h ],y  n i c e l y  t h a t  raany m ore g ro u p s  and  aubgroup©  w ould' h av e  
to  be c r e a t e d  to  c l a s s i f y  a l l  t h e  s t r a i n s  w h ich  w ould p o s s e s s  
a -w id e  r a n g e  o f  MA b a s e  r a t i o s  mid many d i f f e r i n g  p h y s io -  
. l o g i c a l  c h a r a e t o r s .  P o s y p a l 0^  a l*  ( I 9 6 6 ) fo u n d  t h a t  o n ly  one  
o f  t h e i r  subgroup©  c o n ta in e d  m ore th a n  g © tra in © , an d  i n  f a c t  
7 . o u t  o f  t h e i r  12  g ro u p in g s  an d  s u b g ro u p in g s  c o n ta in e d  o n ly  
on© r e p r é s e n t a t i v e .  Many m ore s t r a i n s  w i l l  h a v e  to  bo 
in v e o t ig a te c l  b e f o r e  i t '  i s  p o s s i b l e  to  s a y  t h a t  a  DM b a s e  
r a t i o  c l a s s i f i c a t i o n  l a  a  c o n s id é r a b le  a d v a n c e  i n  th e  f i e l d  
o f  m ic ro c o o o a l  an d  s ta p h y lo c o c c a l  taxonom y.
(2 ) The s o u r c e  o f  a t r a i n s  f o r  a l l  th o s e  ta x o n o m ic  s t u d i e s  i s ,  
i n  p r a c t i c a l l y  e v e ry  e a s e ,  c u l t u r e  c o l l e c t i o n s .  S t r a i n s  froiii
-  85 -  .
c u l t u r e  e o l lG c t io n s  a r e  n o t  a lw a y s  t y p i c a l  o f  t h e  o p e o le s  
th e y  r c ip r e s e n t  j an d  a l s o  e t m i u a  c u l tu r e d  f o r  a  lo n g  t im e  may 
l o s e  c e r t a i n  o h a r a c t e r a  an d  t h i s  moans t h a t  % GO r a t i o s  m u st 
a l t e r s  i n  f a c t ,  i t  h a s  b een  shown by 0 a u so  o t  a l .  (1964) 
t h a t  a  s t r a i n  o f  a  s ta p l iy lo c o c o u a , .w ith  a  DM b a s e  c o m p o s it io n  
o f  3 2 .4  % 00$ on u l t r a  v i o l e t  i r r a d i a t i o n  p ro d u c e d  s e v e r a l  
m u ta n t s t r a i n s  e a c h  w ith  a . 1)M b a s e  c o m p o s it io n  o f  69*2*71 .0 ;
% GO. T h e re fc rro j b e c a u s e  r e c e n t l y  i s o l a t e d  s t r a i n s  may h av e  
s u f f i c i e n t l y  d i f f e r e n t  b a s e  r a t i o s  n o t  to  f i t  i n t o  any  o f  th e  
g ro u p in g s  H a t e d  i n  T a b le s  1 9 , 20 and  21$ i n  t h e  f u t u r e  a t  
l o a s t  Bomo o f  r e  c e n t i s o l a t e s  s h o u ld  b e  oxaminecl i n  an y  
tax o n o m ic  a tiid y  by  DIM b a s e  r a t i o s .
I  am a l s o  c r i t i c a l  o f  th e  u n d u e  em p h asis  t h a t  h a s  boon 
p la c e d  on  DM b a s e  r a t i o s  i n .  r e c e n t  y e a r s  f o r  t h e  c l a s s l f i c a t i o r a  
o f  b a c t e r i a .  T he c o m p o s it io n  o f  DM o f  s t r a i n s  from  th e  
b a c t o r l a l  f a m i l i e s  b o  f a r  exam ined  may v a ry  from  aboi^t 25% 
g u a n in e  cy tosi5 :ie  t o t a l  b a s e s  to  a b o u t  75% 00 ( B i l v e s t r l  &
H i l l ,  1965b ) .  A lm ost t h e  c o m p le te  r a n g e  o f  t h e s e  00% v a lu e s  
can  be. fo u n d  i n  t h e  a e r o b ic  membera o f  t h e  M io rp co c ea q eao  a lo n e .  
I t  w ould  be  r e a s o n a b le  t o  assum e t h a t  a  c l a s s i f i c a t i o n  schem e, 
b a se d  on  DM b a s e  r a t i o s  a l o n e , o f  a l l  b a c t e r i a l  s p e c i e s , 
w ould  d i f f e r  fim dam enta l^ ly  from  , a l l  r e c o g n is e d  c l a s s i f l c a t i o n  
GBkemeg, F o r  lis-staac^s. Bt£§MsmySS§.t sUM9.S2SmB> a a d  mamy 
e tra z lïis  o f  M icrooçcôvîs h a v e  a  m arrow C!C % b a s e  r a t i o  r a n g e  o f  . 
65*5 to  73*5  ( H i l l ,  1 9 6 6 ) . , Does t h i s  m ean t h a t  s t r a i l n s  o f
t h e s e  3  g e n e ra  s h o u ld  a l l  b e  p la c e d  in  o n e  g ro u p  o r  fa m ily ^  
V ery  few ta x o n o m is t s  w ould a g r e e  w ith  t h i s  a rra n g e m e n t*
XMâ b a s e  r a t i o s ,  t h e r e f o r e ,  can  g iv e  o n ly  a  l i m i t e d  æ ïo u n t 
0 Î  in f o r m a t io n  sino©  th e y  a r e  mot r o l a t o d  d i r e c t l y  to  th e  
f u n c t i o n s  o f  o r g a n is a is .
When m ore in f o r m a t io n  a b o u t  t h e  ï)M  o f  m io r o c o c e l  am i 
s ta p h y lo c o e o l  becom ee r e a d i l y  a v a i l a b l e  $ t h e  iaolecular*-- 
b i o l o g i c a l  a p p ro a c h  t o  c l a a a i f l c a t i o a  may becom e im p o r ta n t  
I n  t h e i r  taxonoray .
S tu d i e s  o f  n e a r e s t  n e ig h b o u r  b a s e  so tm en ce a  i n  BM by J o s s o  
111* (W 6 1 ) a n d  B w art^  ^  g l*  (1962) show ed t h a t  1 6  t im e s  
a s  much in f o r m a t io n  c o u ld  b e  o b ta in e d  a b o u t  t h e  b a s e  s e q u e n c e s  
o f  DM o f  c e l l s  by t h i s  te c h n iq u e  a s  by M â  b a s e  r a t i o  
a n a ly s i s *  T h is  in f o r m a t io n  l a  l i k e l y  t o  be  meed i n  f u t u r e  
c l a s s i f i c a t i o n s ,  and  . t h e r e f o r e  n e a r e s t  n e ig h b o u r  b a s e  
se q u e n c e  a n a l y s i s  may o p en  t h e  way f o r  many new tax o n o m ic  
a p p l i c a t i o n s *  C e r t a i n l y  M o rr is o n  j , t  a l*  (1 9 6 7 ) h a v e  u se d  
t h i s  a n a l y s i s  to  d e te m i in e  t h e  e x t e n t  o f  r e s e m b la n c e  o f  DM 
o f  3  n iM ïïïa lian  v i r u s e s  to  th e  DM o f  t h e i r  h o s t  c e l l s ,  an d  
t h e s e  a u t h o r s  a t  t h e  moment a r e  e x m iln in g  t h e  r e la te d n e a B  o f  
s t r a i n s  o f  b a c t e r i a  by th e  e a n e  t e c h n iq u e .
I n  1963$ M cC arthy  & B o lto n  d e te rm in e d  th é  d e g re e  o f  Wà 
hom ology o f  a n  E . c e l l  s t r a i n  w i th  s t r a i n s  o f  o t h e r  Gram•»H'Sî7fe5ÎMÆî«i^TOSîi$
a o g a t iv e  b a c t e r i a  by a  DHâ h y b rld im a tlo rn  m e th o d . fh o y  to o k  
a kmoivn weight ahearod amd domtared !.. e g ll  Mà  aad 
t r a p p e d  I t  ±n an  a g a r  g e l .  The -MA w as u n a b le  to  r e n a tu r o  
b u t  was s t i l l  a v a i l a b l e  f o r  co m p leraen ta ry  I n t e r a c t i o n  w ith  
f ro o  m io le ic  a c i d  r a o lo a u le s .  H a d io a e t iv e ly  l a b e l l e d  DM 
from  o t h e r  s t r a i n s  w ere  a l s o  s h e a r e d  so  t h a t  t h e  DM a o l e c u l o a  
w ere a b l e  to  p e n e t r a t e  t h e  a g a r  g e l  an d  r e a c t  w i th  th e  . 
t r a p p e d  DMA, ; te e e a a  SMA was w ashed o f f  and  th e n  M o0arthy  & 
B o lto n  (1 9 6 5 ) c a l c u l a t e d  t h e  p e r c e n ta g e  o f  l a b e l l e d  DMA bound 
to  t h e  B . c o l i  DMA and  t h e r e f o r e  d e te rm in e d  t h e  d e g re e  o f  DMA 
hom ology . T hey found* f o r  in s t a n c e ^  t h a t  BaX m onolla 
M sW ain l m  (%)* mia O  a re  raoro
i-elatecl to  than àgSotasMlUâ^JâQilGS <S) o s  B s M S M
.pnOi».saoH:lQQ (1) by th i s  DM h y b rid isa tio n  method o f c la s s i? ! -  
c a t i o n .
De Boy ( 3.965 ) escamined s t r a i n s  o f  Pseudom onas an d  
XaathDsioxias by th e  same m e th o d .
A lth o u g h  Be Boy (1965) d o e s  n o t  g iv e  much in f o r m a t io n  on 
h is  Paoudomonas WA h y b r i d i s a t i o n  r e s u l t s g  h e  d o e s  mention that
'®DBA hom ology o o r r o b o r a to s  a p e c l e e - - d l f f e r e n t i a t : l o a  i n  t h i s  
genus^^. Ho a l s o  c o n s ld o re d  t h a t  X anthom onaa shou3.d c o n ta in ^ Vt£es:X=79i*ïAv^t:j»iiMieptK4ajiç';ne=r^
o n ly  one  s p e c i e s  an d  t h a t  s i n c e  s t r a i n s  o f  t h e  2 g e n e ra  
% oudom onas an d  X anthom onas f^ahare 45-8055 o f  t h o l r  t h e r etiWp=TCT.ts-Ka«:!r.nilet.TW'sti’=«h'f *
s h o u ld  b e  o n ly  o n e  gonusg Pseudom onas  ^ w hich  w ould  c o n ta in
Miimbers i n  b r a c k e t s  s t r a i n s ,
-  8 8
G tra lu B  f o r  b o th  g ro u p s  o f  o rg a n is m s .
tn  a d d i t i o n ÿ ho e^&mluod M à  b a s e  a o B p o s i t io n  o f  th e  
s t r a j m s  an d  fo u n d  th a t^  a ip o o  % 60 r a t i o s  o f  s t r a i n s  o f  
S S E lâ B H â E i o v e r la p p e d  o o m e ld e ra b ly  th e  % 6G r a t i o s  p f  • 
.S iB âM i9 S â§  s t r a i n s  g t h e  b a s e  r a t i o  r e s u l t s  a i p p o r t e d  t h e  
ab o v e  G o n o ltts io B i b a se d  on  DMA h o m o l o g y t h a t  s t r a i n s  a t  
p r e s e n t  i n  t h e  g e n e ra  Pseudom onas and  la n th o m o n a a  s h o u ld  n o t  
be  s e p a r a t e  g e n e ra  b u t  ho  c o n ta in e d  i n  one g ro u p  u n d e r  th e  
g e n e r i c  name Fsoiidomonae*
I t  seem s to  me t h a t  DMA h y b r i d i s a t i o n  œ p e r iv a e n ts  w ould be 
w e l l  w o rth  c a r r y in g  o u t  i n  th e  M i c r o c o e c u t a n l i y l o c o o e u s  
g ro u p  o f  o r g a n ie n a .  I t  I s  I n t e r  G a tin g  to  n o te  t h a t  De Bey 
(1 9 6 5 ) com pared  s i m i l a r i t y  v a l u e s  o f  s t r a i n s  ana3.yaed by a  
num ericed. tassonom ic m ethod  w ith  DMA homology r e s u l t s  o f  th e  
sam e s t r a i n s 9 an d  h e  d ed u ced  from  t h i s  com parl s o n - t h a t  a l l  
DMA i s  u s e d  3 a  t  l e a s t  i n  th e  Pseudom onae^X anthom onaa g ro u p  * ■irjt7ï:TjrtwtarÆî^j»r^’is^-vic*rj?ïfÆvti ^
f o r  p h e n o ty p ic  essp roesion*  I  w ould  e z p e e t^  t h e r e f o r e  $ a  
e l a a s i f i c a t i o n  o f  s t r a i n s  o f  t h e  f c m ily  M ic ro c o cc ac e ae *  b aaed  
on  DMA h y W l d l s a t i o n  e s ip e rim e n ts^  to  be  a i ü i i l à r  to  e l a B s i f i ’^  
c a t i o n  sohem ee b a s e d  on  A clansonlan ..anaX yais o f  m o rpho3 .og iea l 
an d  % )h y s io lo g lc a l c h a r a c t e r s  {T ab le  2 2 ) .
SHE AmWSOHIM APPROAÇB SO GtâSSlFïeASXOW
I n t ^ c M ü t i o n
V ory l i t t l e  :1s known^ a t  p r é s e n t^  a b o u t  th o  k lo c h o m is t ry  o f  
th e  m e ta b o l ic  p a th w a y s  u s e d  by  b a c t e r i a  to  g iv e  p o s i t i v e  
r é a c t i o n s  1b  p h y s io lo g i 'c a l  t e s t a ^  a u d i t  i s  n o t  p o a e ib le ^  f o r  
iB a ta u c O j to  c a l c u l a t e  th e  num ber o f  o.ug;ymes t h a t  a r e  in v o lv e d  
i n  t h e  d o m o rastra tio B  o f  one  c h a r a c t e r .  T h e re fo ro g  i t  l e  
r e a s D n a b le  t o  assum e t h a t^  u n t i l  m ore k n o w led g e  I s  a v a i l a b l e ^  
e v e ry  c h a r a c t e r  eh 'ou ld  bo g iv e n  e q u a l Im p o rtaB c e  f o r  c l a a s i f i - »  
c a t i o n  p u rjp o ee s . T h is  c o n c e p t  sh o u ld  a p p ly  n o t  o n ly  to  
p h y s io lo g ic a l  c h a r a c t e r s  b u t  to  a l l  o t h e r  c h a r a c te r s ^  e .g .  
m o r p h b lo g ic a l , DMA b a s e  c o m p o s it io n  a e r o l o g i e a l  an d  e l e c t r o -  
p h o r e t io  c h a r a c t e r s .  The f i r s t  ta z o n o m is t  who co n a id o rG d  
u s in g  e v e ry  c h a r a c t e r  i m p a r t i a l l y  and  w ith  e q u a l  vnrlgiit was 
M ic h e l Aci'anson (1763)5  o l a s s i f i o a t l o m  s c h m e s  b a s e d  on  su ch  
a  c o n c e p t  a r e  r e f e r r o d  to  a s  A d an so n ian  (B noath ., 1 9 5 7 a ) .
B n e a th  (1 9 3 7 a^b ) 1962) a d v o c a te d  th e  A dansoB ian  a p p ro a c h  to  
b a c t e r i a l  c l a s s i f i c a t i o n , ,  i n  w hich  each  o f  th e  e q u a l ly  w e ig h te d  
c h a r a c t e r s  w ould  bo h a n d le d  m athem atica3JLy t o  c a l c u l a t e  
a f f i n i t i e s  b e tw een  s t r a i n s .  T h is  m ethod o f  a n a ly s in g  
r e s u l t s  i s  now c a l l e d  n u m e r ic a l  taxonom y (S neatlx  & B o k a l,
1 9 6 2 ) ,  an d  th e  a n a l y s i e  i s  m o s t r a p i d l y  an d  e f f i c i e n t l y  c a r r i e d  
o u t  by co m p u te rs  a s  f i r s t  p ro p o se d  by  B n ea th  (1 9 5 7 b ) . The 
px’o c o d u ra  f o r  u s in g  n u m e ric a l taxonom y an d  i t s  a p p l i c a t i o n s  
a r e  d i s c u s s e d  by S o k a l & S n o a th  (19 6 3 )0  b u t  a  b r i e f  o u t l i n e  o f
*31 ^0 *•
t h e  m ethod  :la  p r e s e n te d  h e r o .
F i r s t  o f  a l l ,  a  l a r g e  m m h er o f  o h a r a c to r a  m u st be  ohoeeno 
p r e f e r a b l y  o v e r  6 0 , w h ich  a r e  r e p r e s e n t a t i v e  o f  a s  many 
a s p e c t s  a s  p o s s i b l e  o f  th e  s t r a i n s  t o  b e  c l a s s i f i e d .
S e c o n d ly g t h e  m e a su re  o f  a f f i n i t y  b e tw een  B s t r a i n s  i a  
d e te rm in e d  by  co m p arin g  c h a r a c t e r s  © hared  an d  n o t  s h a re d ;  
v a r io u s  c o e f f i c i e n t  a  o f  s iB i l l - a r l ty  c a n  b e  u s e d  to  m e asu re  
t h i s  a f f i n i t y .  The r a n g e  o f  s i m i l a r i t y  c o e f f i c i e n t s  esrtoncls 
from  u n i t y  f o r  c o m p le te  a g re e m e n t t o  g e ro  f o r  no a g re e m e n t 
w b a tà o e v o r . The a c t u a l  c a l c u l a t i o n s  o f  t h e  c o e f f i c i e n t s  o f  
s i m i l a r i t y  a r e  t e d lo h s  an d  tim e^CQBsuming i f  c a r r i e d  o u t  by 
h a n d , an d  t h e r e f o r e  a  co m p u te r shoui,d  be  u s e d  I f  i t  i a  
a v a i l a b l e ;  T h i r d ly ,  t h e  c o e f f i c i e n t s  o f  s i m i l a r i t y  a r e  
t a b u l a t e d  i n  a  a a t r i s r  form  f o r  e v e ry  p a i r  o f  a t r a i n a , ao  t h a t  
n a t u r a l  g ro u p in g s  o r  c l u s t e r s  can  e a s i l y 'b e  o b s e rv e d ,  and  
from  t h i s  m a trisc  d iag ra iü  a  ta-Konomlo h ie r a c h y  o f  t h e  s t r a i n s  
c a n  b e  d e s ig n e d ,  u su a l3 ,y  i n  th .e form  o f  a  d en d ro g ram . The 
c l u s t e r i n g  from  t h e  m a t r ix  d ia g ra m ' can  b e  c a r r i e d  o u t  m an u a lly ; 
o r  by a n  a u to m a t ic  m ethod  w ith  th e  u s e  o f  a  c o m p u te r .
I f  siu i d e n t i f i c a t i o n  schem e i s  d e s i r e d ,  t h i s  c a n  b e  
c o n s t r u c t e d  from  th e  A d an so n lan  c l a s s i f i c a t l o x i  schom e by th e  
s e l e c t i o n  o f  c e r t a i n  c h a r a c t e r s  t h a t  a r e  t y p i c a l  o f  a l l  th e  
© tr a in s  c l a s s i f i e d ,  an d  a ls o  th o s e  t h a t  a r e  t y p i c a l  o f  t h e  
n a tu ra 3 .1 y  o c c u r in g  c l u s t e r s .  T hose  c h a r a c t e r s  a r e  u s e d  to  
form  a  s im p le  d ich o to m o u e  k e y .
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Stgphylococous aiîieeiia.  (20)
(.8)^ & S -
(7 ) formed natua^al taxonomio g roups.
â*“ lu o t i s  ( 19)' ôhd S .a fe p ie n ta n s
(5 ) d id  not-..
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8., la c ti 'a  C164) oould be d iv id ed  
in to  10 Adansohian. groups,., which 
were subdivj:ded by to le ra n c e  to  
0 & 15 NaGl# 8w aureuB (3 ) ,
B»saarophv1îicus (3 .2), &
Miorooocotis r  os eus (4 ) formed 
n a tu ra l  taxonom la groups.*
ïîa lopM Ieû (3 ) formed a  d its tin o t 
group b u t B. sa p ro p h y tiquo (5) n o t 
a  d i s t in c t  group by I t s e l f *  
M on«ilalotoleràût s t r a i n s  (13) in  
a  heterogeneous, group.* 
M on-ferm entative a t t a in s  ( 2) a lso  
hotorogenoous* 6 r e l a t e d  subgroups 
w ith in  h a lo to le ra u t  S* l a o t i s . 
group (62)*
7 mioroooeous and 3 staphylooocous 
subgroups* Bach subgroup oomprlsed 
th e  s t r a in s  vd th  approx im ately  th e  
Game.DMA b ase  com position and a  h igh  
s im i la r i ty  o f  p h y s io lo g ic a l and 
b iochem ical clxaraoters*
Mos. in  bracketB  » s t r a in s
The âdanB O îiiaîi apD roaôh  to  t h e  taxomomy o f  m lo roooG ol and 
s  t  ap h y ‘lo  CO cü:1
The i*osu3*tQ o f  ,4 p a p e r s  r e l a t i n g  to  A dansouiaxi o l a e s i f i c a t i o n  
schem es o f  m ic ro o o c c l  and  s ta p h y lo o o o o l  a r e  l i s t e d  I n  T a b le  2 2 . 
The r e o ^ l t s  o f  H i l l  (3.959) axid P o h ja  ( 1 9 # ) ,  b o th  u a ih g  th e  
same o o e f f i c i e n t  o f  B i.m l3,arlt3r, show a g re e m e n t I n  t h a t  s t r a i n s  
o f  B ta p h ^ o c o c c i^ s  a u r e u s , B» S f# rq p h y tio u a  and $ .  'ro s o u e  ■ 
(n o m e n c la tu re  o f  Bhav; ak a l . . ,  1951; (p a g e  2% ) f a lf l  i n t o  3  
c l i a t i n c t  g ro u p ih g e  e o r re s p o n c lln g  to  t h e  3  s p e c i e s .  H i l l  ( 1 9 5 9 ) , 
h o w ev er, fo u n d  t h a t  s t r a i n s  o f  S . l a e t l a  an d  S . a  form  on t a n  s' 
(n o iu e n c la tu r 'e  o f  Shaw jot ag..., 1951; (p ag e  23  ) d id  n o t  f a l l  
I n t o  n a t u r a l  teixonom ic g ro u p a , and ho c o n s id e r e d  t h a t  th e a e  2, 
speoleT j w ere  a r t i f i c i a l l y  o r e a t e d ,  s in c e  Bhav; (1951)
h ad  d e f in e d ' them  la ^ rg o ly  oh  n e g a t iv e  c r i t e r i a .  G reg o ry  &
M ab b it (3,95?) a n d  B 'arLrd^Porker (1 9 6 5 a) a l s o  c o n s id e re d ' t h a t  ' 
B ._3^c^ : l s  i s  a  h e to ro g o n e q u a  g ro u p  o f  s t r a i n s , an d  P o h ja  ( I9 6 0 )  
d iv id e d  s t r a i n s  o f  t h i s  s p e c i e s  i n t o  10 g ro u p in g s  by n u m e r ic a l  
ta îîonom ic  m ean s. ' Poh;]a O y llo n b e rg  (1 9 6 2 ) u s e d  3 d i f f e r e n t  
c o e f f i c i e n t s  o f  s i m i l a r i t y  to  exam ine mxao o f  P o h ja ’ a ( I9 6 0 )  
o r i g i n a l  s t r a i n s  ; .th e  r e s u l t s '  w ere th e  sam e f o r  t h e  3 ' 
c o e f f i c i e n t s  ^  t h a t  s t r a i n s  o f  S . ' l a e t i e  can be p la c e d  i n t o  %«^1p?ac!rvicg.x:icxr,^j.v ' ■*
o f  5 s u b g ro u p s  o r  i n t o  a  m is c e l la n o o u s  g ro u p  o f  h e to ro g c m e o u s  
s t r a i n s .  ■ î to ie r ic o î .  ta m n o m y , th e r e f o r e ^  h a s  s lio v av -th a t 
B. l a c t i e  a n d ;5 . a fe rm em tan e  a r e ,  i n  f a c t ,  h e te ro g e n e o u s  g ro u p s  
o f  s t r a i n s .
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H i l l  e t  a l .  (1 9 6 5 ) w ere m ore i n t e r e s t e d  I n  co m p arin g  
d i f f e r e n t  te c h n iq u e s  f o r  a n a ly s in g  d a ta  by nu?ae.rica l 
tax o n o m ic  m eans th a n  i n  p ro d u c in g  an a c t u a l  c l a s s i f i c a t i o n  
schem e; th e s e  a u t h o r s  e^cmiined th e  s tra ix x s  o f  E l l l  (1959) by 
2 c o e f f i c i e n t s  o f  s i m i l a r i t y ,  and  a l s o  eom parod maxiual and  
a u to m a t ic  m othoda o f  c l u s t e r i n g .  The r e s u l t s  o b ta in e d  w ith  
th e  2 c o e f f i c i e n t s  o f  £?:y,:ailarity w ore e s a e n t l a l l y  th e  sam e, 
and  th e  a u to m a t ic  m ethod o f  c l u s t e r i n g  was found  to  be 
q u ic k e r ,  m ore o b j e c t i v e  and  a l s o  a llo v /o d  a n  e a s i e r  recog*- 
n i t i o n  o f  ta x o n o m ie a l ly  im p o r ta n t  c h a r a c t e r s  th a n  th e  m anual 
m e th o d .
R o sy p a l o t  ( 1966) w ent one s t a g e  f u r t h e r  and  com pared  
a  n u m e r ic #  tax o n o m ic  m ethod  o f  c l a s a l f i o a t i o n  w ith  a  DMA 
b a s e  c o m p o s it io n  .c l a s s i f i c a t i o n ,  an d  th e y  fo u n d  t h a t  th e  2 
e l a s s i f i c a t i o n  schom oa w ere  com plem en ta ry  to  each  o th e r  ( f o r  
my c r i t i c i s m  o f  th e  p u b l i c a t i o n  o f  B o ey p a l ^et , 1966 s e e  
Î3age $(f- ) .
A tte m p ts  h av e  b een  made by H i l l  (1959) and  P o h ja  & 
G y lle n b e rg  (1962) to  d e v is e  i d e n t i f i c a t i o n  a ch. ernes b a se d  on 
t h e i r  r e s p e c t i v e  A d an so n ian  c l a s s ! f i o a t i o s i a g  b u t  a s  f a r  a s  I  
am a w a re , th o s e  i d e n t i f i c a t i o n  sahernes h av e  b een  l i t t l e  used, 
by b a c t e r i o l o g i e t s j ,  who w ish  to  i d e n t i f y  a  m ic ro  coo cue  o r  a  
s ta p h y lo c o o c v ts . I  thinlv, t h e  m ain  r e a s o n  f o r  t h e  n e g l e c t  o f  
t h e s e  i d e n t i f i c a t i o n  schem es i e  t h a t  many o f  th e  g ro u p s  
c r e a t e d  by th e s e  a u th o r s  u s in g  n u m e r ic a l  tasD nom lo m eans a r e
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m ot g o n e ra l^ ly . ro Q o g n iso d  by b a c t e r i a l  ta x o n o n r ls ts  to d a y .
The A clansonian  a p p ro a c h  t o  th e  taxonom y o f  m ic ro  c o c c i  
an d  a ta p h y lo o o G c i g iv e s  s i m i l a r  r é s u l t a  to  th e  t r a d i t i o n a l  
a p p ro a c h  to  c l a e s i f i c a t i o B  (p a g e  3  ) ,  a n d  n u m e r ic a l  
taxonom y h a s  b ee n  p ro v e d  imoixil^ f o r  I n s t a n c e ,  i n  show ing  
t h a t  5 ta n h y  lo  co con s  l a c  t i e  i s  a  h e te ro g e n e o u s  g ro u p  o f  
s t r a i n s .  M e v e r th e le a s ,  so  f a r  o n ly  raorplxologieaX  and  
p h y s io l o g ic a l  c h a r a c t e r s  h av e  b een  u s e d  to  c l a s s i f y  
m ic ro 00c o a l  and  a t a p h y lo c o c c a l  s t r a i n s  by n u m e r ic a l  taxo«« 
nom lc m ean s, and  I n  a d d i t i o n  t h e  s t r a i n s  c l a s s i f i e d  h a v e  b een  
ï* e la t : lv e ly  fow i n  number* X th in k  t h a t  t h e r e  l a  an  u r g e n t  
n e e d  f o r  a  tax o n o m ic  s tu d y  o f  s e v e r a l  h u n d re d  Gram p o s i t i v e ,  
e a ta ; ia e o  p o s i t i v e  c o c c i ,  o b ta in e d  from  a  w id e  sp e c tru m  o f  
s o u r c e s ,  an d  I  c o n s id e r  t h a t  th e s e  © tr a in s  s h o u ld  be 
oscaminGd f o r  n o t  o n ly  m o rp h o lo g ;ic a l an d  p h y s io l o g ic a l  
c h a r a c t e r s ,  b u t  a l s o  f o r  o t h e r  c l i a r a c to r s ,  o .g*  DMA b a s e  
o o B ip o s itlo n , c e l l  w a l l  c o m p o s it io n , and  e l e c t r o p h o r e t l c  
c h a r a c t e r s  from  t h i s  b ro a d  © e le c t io n  o f  c h a r a c t e r s  i t  s h o u ld  
b e  p o s s i b l e  to  c o n s t r u c t  a  f i r s t  c l a s s  A d an so n ian  c l a s s i f i ­
c a t i o n  schem e a e e e n ta b le  to  a l l  ta x o n o m is ts .
SECTÎOM A
&mm.kfias o f  fiiiî horhîoîjOqical ai'îd
PHISIOLOSÏCM, CHAtî&eîlRS OF /i06 STRAÎÎÏSiw wnwir-mrnaig « n »w*m ~‘— — '
OF MÏCSOCOCCÎ AlB SÏAPHÏLOCOCCX#r*«n.^nlr' i^pt*>W*siW?W4*b*
MAÎKiîîÆGS Atm METHODS 
ÏHÏfiOBUCTl’OH TO EXPKK.TMEMTAL WORK
I n  v iew  o f  th e  c o n fu s io n  o f  th e  taxonom y a t  p r e s e n t  w i th in  
th e  f a m ily  M ie ro c o a c a c e a e , 1 i v i l l  d e f in e  th e  fo llo iT ln g  f a m i ly , 
g e n e r i c ,  and  s p é c i f i é  ncumos I  i n t e n d  to  iiso  i n  th e  o x p e r i^  
m o n ta i p a r t  o f  t h i s  t h e s i s ,  The fo l3 ,ow ing  d e f i n i t i o n s  a r e  
b a s e d  on th e  g e n e r a l l y  a g re e d  o p in io n s  o f  c o n te m p o ra ry  
tasD n o m is tsg  w h ich  h av e  b ee n  p r e s e n te d  i n  t h e  p r e c e d in g  
re v ie w  o f  th e  l i t e r a t u r e *
I  c o n s id e r  t h a t  th e  fa jm ily  M io ro eo c c a cea o  s h o u ld  c o n s i s t  
o f  Gram p o s i t i v e , ,  o a t a l a s e  p o s i t i v e  c o c c i ,  and  t h i s  farfîi3.y 
ca n  b e  c tlv ld e d  i n t o  2 m a jo r  g ro u p s  b a s e d  on t h e  oxygen  
r e q u ir e i i ie n ts  o f  t h e s e  aocci:^.^^
(1 )  t h e r e  a r e  t h e  s t r i c t l y  a n a e r o b ic  s t r a i n s  t h e  a n a e ro b ic  
moimbers o f  t h e  M io ro c o c c a e e a o , and«jr^S4;itV;«=j*r;:.JrsîÆîr;«i^fiitin*?ï«T<;ïncrr<iï* v
(2 )  t h e r e  a r e  th e  a e r o b ic  an d  f a c u l t a t i v e l y  a n a e r o b ic  s t r a i n s  
t h e  a e r o b ic  m em bers o f  t h e  M ic ro e o e c a e e a e . O n ly  th e  seco n dt: writcftyrft.-esr ^
g ro u p  i s  s t u d i e d  i n  t h i s  th e s is .*
The a e r o b ic  m em bers o f  th e  f a m ily  H io ro c o c e a o e a e  s h a l l  bo ^ C'iÇATSWrt'iRtTS.W
d iv id e d  i n t o  2 g en e ra ., M ic ro c o cc iis  and  s ta p h y lo c o c c u s ,  w hich  
a r e  d e f in e d  a s  fo llo v m s The g en u s  M ic ro c o c c u s  c o n s i s t s  o f  
s t r a i n s  u n a b le  to  grow o r  p ro d u c e  a e id  from  g lu c o s e  u n d e r  
a n a e r o b ic  c o n d i t i o n s  i n  a  complGK medium -  non-ferm ent a t  ive s t r a i n s .  
X r e c o g n i s e  o n ly  two s p e c i e s  o f  th e  genua  M ic ro s  
c o c c u s  w hich  a h a l l  foe d e f in e d  a s  f o l lo w s ;
The a p e d f i e  name M icroeoccm© l u t e u a r e f e r s  to  p a c k e t  
fo rm in g .a n d  n o n -p a o k e t fo rm in g , y e l lo w  p ig m e n te d  
m lc ro o o c o i u n a b le  to  n t i l l s o  g iu o o s e .
The s p e c i f i c  name M ic ro c o c c u s  ro s o u e  re fc ^ rs  to  p a c k e t  
fo rm in g  an d  n o p a c k e t  farBiirag, r e d  p ig m e n te d  
m lo ro c o c c l  u n a b le  to  u t i l i s e  g lu c o s e *
I  do n o t  r e c o g n i s e  an y  o t h e r  H iorococcn^s s p e c ie s *
The g e n u s  B t^ 3 iy lo c o c c u e  c o n s i s t s  o f  s t r a i n s  a b l e  to  'p roduce 
a d d  from g lu c o s e  u n d e r  a n a e r o b ic  c o n d i t io n s  I n  a  com plex
m edium  -  f e r m e n ta t i v e  s t r a i n s *
I  r o c o g n is o  o n ly  o n e  s p e c i e s  o f  th e  genus. B j^ ^ g ^ L o cp cc u s , 
nam ely  th e  ty p e  s p e c io a  B tard iy looooouB  a u re u s*  w hich  
i s  d e f in e d  a s  b e in g  co ê ig u la se  p o s i t iv e *  B t r a i n s  
o t h e r  th a n  t h i s  s p e c i e s  s% iall be ro fo iT O d  to  a s  
c o a g u la s o  n e g a t iv e  s t a p h y l o c o c d ,  and  a r e  n o t  g iv e n  
s p e c i f i c  names* O o c a s io n a 'i ly ,  h o w ev e r, I  u s e  th e  
B p e c ie a  name B* o p id e r m ld l$  ^ when I  am co m p arin g  my 
r e s u l t s  w ith  th o s e  o f  o t h e r  ta x o n o m le ts  who h av e  
d e s c r ib e d  b a c t e r i a  w ith  t h i s  s p e c i f i c  nam e. I  
d e f in e  a s  b e in g  c o a g u la s e n e g a t i v e ,
u s u a l l y  a e e t o i n  and  p h o e p îm ta se  p ro d u c in g  ,■ b u t  n o t  a b l e  
to  u t i l i s e  m an x ilto l u n d e r  a e ro b ic  c o n d i t i o n s .
I  do n o t  r e c o g n i s e  t h e  g e n e ra  G a ffk y a , B a rc in a  n o r  
Bporo s a r c i n a *
I t  sliou3.d be n o te d  t h a t  th e s e  d G f in i t lo n o  o n ly  a p p ly  to  th e
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oscperim enta 'l s e c t lo n B  o f  t h i s  t l ie o la *  Xn t h e  c l a a e l f  1 c a t i o n  
s e c t i o n  (p ag e  % S )  ÿ I  h av e  r e v i s e d  th e  taxonom y o f  th e  
a e r o b ic  membora o f  th e  fa m ily  c rg c o eqacoao^ an d  I  do n o t  
a c c e p t  th e  g e n e r i c 'a n d  s p é c i f i e  nam es o f  th e  f a m ily  a e  
d e f in e d  o.n t h e  fo ro a^ o ln g .p ag e .
. - '■ ■
O ver a  p e r io d  o f  3 y e a r s ,  297 s t r a i n s  o f  Gram p o s i t i v e  c o c c i  
ijQ?70 ob tad .ned  from a  v a r i e t y  o f : s o u r c e s  a n d , i n  a d d i t i o n , 109 
namocl m ic ro c o e c a l  a^id s t a p h y lo c o c c a l  s t r a i n s  w ere  s u p p l i e d  
froBî c u l t u r e  c o l l e o t i o a s *  ■ The t o t a l  num ber o f  s t r a i n s ,  
th e r e f o r e j j  s t u d i e d  i n  t h i s  t h e s i s  i s  1*^06* T a b le  23 show s 
th e  o r i g i n  o f  th e  Gui;turesg, mid a l s o  th e  i s o l a t i o n  m ed ia  u s e d .
The 29? s t r a i n s  u m re  i s o l a t e d  a s  fo l i io n s
181 s t r a i n s  w ere  iB o la t e d  by d i r e c t  p l a t i n g  o f  t h e  s o u rc e  
m a t e r i a l  on a  e l  a c t i v e  m e d ia , o r  by strea].ralng a  clamp sw ab, 
w h ich  h ad  b e e n ..,th o ro u g h ly  ru b b e d  o v e r ,  o r  so a k e d  th e  
BourcG m a t e r i a l , o v e r  th e  s u r f a c e ' o f  s o l o e t l v o  mecUa* Ono 
o f  t h e  p ro b le m s  iravoXvecl i n  a  s tu d y  o f  Gi^am p o s i t i v e  c o e d  
i s . t h e  i s o l a t i o n  o f  t h e s e  o rg a n ism s  from  a  s o u r c e ,  w h ich  may 
c o n ta in  a  m ix ed  p o p u la t io n  o f  d i f f e r e n t  ty p e s  o f  b a c t e r i a  and  
- f u n g i ;  I  fou n d  t h a t  M a n n i to l 'B a l t  A gar (O x o id ) , c o n ta in in g  
7*5% sodium  ^ c h lo r id e  and. 1% m a n n lto l  i n  a  b e e f  e s s t r a e t  
p e p to n e  ag a r., was a^ c o n v e n ie n t  medium f o r  t h e  i s o l a t i o n  o f
- '9?   ^’
Gram p o s i t i v e ,  c a t a l a a e  p o s i t i v e  c o c c i , s ib ico  t h e  s a l t  
co u c e n t r â t ! on i s  n o t  h ig h  enough to  p r e v e n t  t h e  g ro w th  o f  
m o st o f  th e s e  o rg an ism  a  ^  b u t  I s  e u f f i o i o n t  to  d h h ’i b i t  o th e r  
b a c t e r i a  from t h e  same en v iro n m en t*  I  a l s o  u s e d  B lood  A gar 
B ase  Ho*£ (O x o id ) , c o n ta in in g  20% sodium  c h l o r i d e ,  t o  I s o l a t e  
a  f e u  s t r a i n s  o f  Oram p o s i t i v e ,  e a t a l a s o  p o s i t i v e  c o c c i ,  w hich  
w ere  g ro w in g  i n  e n v iro n m e n t o f  h ig h  s a l t  c o n c e n t r a t io n *
91 s t r a i n s  w ore i s o l a t e d  by d i r e c t  p la ttn g  on  to  n o n - 
a o l e c t i v é  m ed ia  o f  asm p i  o s  o f  c X in io a 'l  m a t e r i a l  from human 
’i n f e c t i o n s  ( s u p p l i e d  to  th e  M c te f lo lo g ic a 3 .  l a b o r a t o r y  o f  th e  
H e s te r n  I n f i r m a r y , G lasgow ) * B in ce  t h e r e  w ere  r e l a t i v e l y  fovj 
g ro u p s  o f  b a c t e r i a  p r e s e n t  i n  th e  sajB pleSj I  was a b le  to  p ic k  
up  s i n g l e  c o l o n ie s  o f  th e  o rg a n ism s  I  d e s i r e d ,  a f t e r  p l a t i n g  
t h e  sp e c im e n s  on  th e  s ta n d a r d  n o n -se 'X e c tiv e  m ed ia  u s e d  i n  th e  
l a b o r a t o r y  B lood  A gar B ase H o .2 (O xo id ) w i th o u t  t h e  b lo o d , 
an d  a l s o  B lo o d  A gar B ase  Ho * 2 c o n ta in in g  10% h o r s e  b 3 ,o o d .,
25 e t r a i n e  w ere  o b ta in e d  a s  p u re  c u l t u r e s  on  n u t r i e n t  a g a r  
s lo p e s  from l a b o r a t o r i e s  c o n n e c te d  w ith  v a r io u s  h o s p i t a l s *  - 
The 109 n a m e d 'c u l tu r e s  w ere  s u p p l ie d  from  5 c u l t u r e  
c o l l e c t i o n s  a s  f o l lo w s
5 B t m i n s  u e r o  o b ta in e d  a s  p u re  e u l t iv r e a  on a g a r  s lo p e s  
from th e  M ic ro b io lo g y  D e p a r 'W e n t, h n i v e r a i t y  o f  Glasgow*
104 s t r a i n s  w ere  r e c e iv e d  f r e o s e ^ d r l e d  i n  am p o u les  froj^i 
v a r io u s  c u l t u r e  c o l l e c t i o n s  (T a b le  23)*
A l l  th e  406 s t r a i n s  w ere  ch eck ed  f o r  p u r i t y  by  p 'i a t in g  on
The sources of the strains








84 10% horse 
hlood agar
Hmiian infections of 
human bodies
Western Infirmary, Glasgov;
i<-8 nnloio\m skin lesions 
of humans
Dermatology Dept., University 
of Glasgow
unlmom . urinary infect­
ions of humans
Hospitals, .Bristol
Wmoim infections of 
human bodies
Yale of Leven Hospital, 
Bumbartonshiro.
. ::'1 unïÈnovm v/ound sepsis 
in baby '
Hospital, Birmingham




8 persons in one family, 
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x-8 unlaxovm healthy human 
skin
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Dept., University of Glasgov;
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Mo • of 
e t r a in s  _ 
i s o la te d
, V^K#; *WX*  K‘%x\'r.^9> t. dy# -V ? ÏTV)**
I s o la t io n
medium
:^rir fT ■» a* Air-'*
Source Gcagrap>hical
lo c a t io n
2 M annitol 
S a l t  Agao?.
2 h e a lth y  
sheep akina
I s l e  o f  Oroneay, Oolonsayg 
A rg y ll
1
•ctnK3ÇtSy(k^'>*e^w:f
M annitol . 
S a l t  Agar
t! *Tf. -*T? *i*r.srFTn!L-vi^-r»ar3=»^
akii: o f a 
h e a lth y  w ild  
hedgehog
«4,XWf 4TtTr.*-^4'’^->*;^'Ts’»KrS^Cr' iw-
B earsd en , D um bartonshire t
- 2 M aonitol 
S a l t  Agar
B irds 2 h e a lth y  p e t
b u d g e rig a r
ak ina
Beaa.’Sden ^  D um bartonshire
2 M am iltol 
S a l t  Agar
2 hea].thy 
grouse crops
GlonsheOÿ P e r th s h ire
1 f e m i t o l  
S a l t  Agar
iTjgf yr^«3!zy:»Jt -f r it-*
ak in  o f  a  
h e a ltl iy  sparrow
B ears don $ D um bartonshire
2 mo%
Agar
F ish decomposing 
f i a h  aldln
F io lim ong 'o rsG laagw *
2 M annitol 
S a l t  Agar
gu ta  o f a  
f r e s h ly  caugixt' 
lie a itiiy  ly th e  
(G-adurj ^»ji.aM*^?3:*Txwîs* y
n p l la c h iu a )rA«o*:^,rjrrjï»rs3ir?<r*Æït«i'i2«s»*£32É '
I s l e  o f  Ordnsay, Golonsey,




S a lt  Agar
g u ts  o f 2 
f r e s h ly  caught 
h e a l th y  s a ith o  
(c%dus V irens)
I s l e  o f  O ro n s ^ , Colons ay , 




S a l t  Agar
#=tHT*LT^#^%#:;?&WW\Z-*ÿ#Kra*V4K^
G ru sta -
ceana
mouth and mma 
o f  2 f r e s h ly  
caught h e a lth y  
l i v e  lo b s te r s
A*it*îu<ai*a=fcxiws«»Miiwvr#!ssiF.ri*f2»î^ii5,Tmi6i^ i
I s l e  o f  Oronsay, Colonsay, 
A g jy ll
1 î f e m i to i  
g a i t  Agar
S nsecta fa e c e s  o f  
h e a lth y  
c a te m i l  larsi
% cro b ip lo g y ' D ept* , 
"Universi t y  o f Glasgow*-
V V* V  ^K't *->■• F4# W
( P ie r i s  
b ra s s ic a e )
M l l S » J 3 ,  ( o o n t l n u e d )
esiîK raenX  lav^rîr /r ilrarrqK
Mo* o f
s t r a in s
is o la te d
HT**W ^mr5$*tsateKT»i£dc*iKi*
Ï 0o la ,tlon
medium Source
G e p i r a p M c a l
loco;tlon
1 M annitol 
S a lt  Ageir
Food raw m ilk  
soixroes
I s l e  o f  Oronsey, Golonsay, 
A^g^'ll
1 2 0 /» M 'a C l
% a r
b lu e  cheese Denmark, b u t bought in  
Glasgow
1 M annitol 
S a lt  Agar
Vlaadam cheese Bel g im
41 M annitol 
S a l t  Agar
24 a s s o r te d  
cheeses
France
1 M annitol 
S a lt  Agar
b read B itg e s ,  Bpahi
1 Maamitol 
S a lt  Agar
0%#ngo calm S i tg e s ,  Spain
1 M mmltol 
S a l t  ilgar
c r e a m  c a îc e B itg e s , Spain
2 M ounitol 
S a lt  Agar
2 b lo ck s o f  
ic e  cream






Denmark, bu t bou^nt in  
Glasgov;
1 M annitol 
B a lt Agar
Gkher Sea v /a te r, 
sou rces su rfa c e  o f se a , 
^  m ile  from 
shore
X s I g  o f Oronsay, G olonsay, 
A rg y ll
1 M annitol 
S a lt  Agar
r i v e r  mud H iver Eelv;ha, Dum bartonshire
2 10% Îîorsû 
b lood  ag a r
2 1 0 /-  n o te s M icrobiology D ept*, 
U n iv e rs ity  o f Glasgow
5
■ aitv  *f$=T7%,
Blood ag a r 
base Mo*2
5 a e r i a l  
contam inants
s te r n  In firm a ry  and 
la c rc b lo lo g y  D ept*, 
U n iv e rs ity  o f Glasgov;
Table 23 (continued)
1 I'AMlm t ;##h# II#»
Mo# o f
s t r a in s
i s o la te d
I s o la t io n
medium Source
G eographical
lo c a tio n
n unknown C u ltu re  S tauiw lococcus 
c o l le o tio n a  s a p ro p h y t ic ^  
7292
M.Q.T.G.
n unlcnovrn Staphylocoooua 











Ititeu a  8512
t.G .T .G #




la o t io  189* 
756Tm id 7617
■H#C*T.G#
''"I unknown . Mioroaoocus 
9865
N.C.T.C#







M .G .I.B .
i:l unknown Mlcroooocuo 
oaiididue 8610
M .G .I.B *
gable 83 (oonttoued)
-lo.. o f
a tra lx is
















C u ltu re  Microooqcus 










È Ê Ê ^ . 146» 
239, 560, 758 
BJid 837
GeogazaphlCEWl
lo c a t io n ^. p—"—»■*—Tr-^r-'-—i #r1*1 n^i,
ÎT^C..X.B.





310, 352, .354, 
365, 370, 410, 
443, 5.31, 658, 
810 and 855
ep M eg n id is
1400, 1404,
1407, 1412 and
l a s ^ â a  02 ,  36,










Mica^obiology D ept.., 
U n iv e rs ity  o f Glasgow#
M icrobio logy Dept*., 
U n lv e ra lty  o f  Glasgow
^A erobiology Dept*., 
U n iv e rs ity  o f Glasgow
Table 23 (oontinued)
Mo, o f
s t r a i n s












I s o la t io n
medium
imlaiovm
S cure  G
| î KT\ nv, %rA: ,>.1l l U  ,y i' i# \
C u ltu re  
c Cillée t* 
io n s
eiîm abareus










s t r a i n s
Dr* A. G# Baix-d-Paulcer^ 
B e d fo rd sh ire
subgroup I  -  
lïiman sk in
subganup I I  -  
human sk in  & 
moxxthj pigskin, 
and d u s t
subgroup I I I  -  
p ig sk in
fmb group lY -  
human sk in
subgroup V -  
human sk in
subgroup VI -  
Imman and p ig  







d u s t 5 bacon




Xoeati.on*Wi*rcr3»T‘Jjeri'criP>t»eaSP«.■  1 nlw
M icrobiology Dept#* 
U n iv e rs i ty  o f Glasgow
llle ro b io lo g y  D ept#, 
U n iv e rs i ty  o f Glasgow
M l e J Â  (eon-btoucd)
Ho* , o f 
; s t r a i n s  






I s o la t io n
medium
"blood" 
ag a r end 
txyp tone 
y e a s t 
g lucose 
s a l t  a g a r
Souï!ce
B a ird -  subgroup 5 o r 6 
P a rk e r -  d u s t 
(1963)
subgroup Subgroup 6 -  






im c la s  s i f i a b l e  
-  d u s t
'  406
T o ta l
Geographic a t  
lo c a t io n '






n a t io n a l  C o lle c tio n  o f  Type C u ltu re s  $ London* 
n a t io n a l  C o lle c tio n  o f  I n d u s t r ia l  B a c te r ia ,  Aberdeen^ 
Caocho,tlov£ik C o lle c tio n  of iA oroorganism s, Bmo* 
o b ta in ed  as a  pure cu ltu re*
^  1)8
B lo ü d  A gar B aae w ith o u t  any  ad d ed  b lo o d ,  © ince  I  found
t h a t  t h i a  n o n - a e l o c t lv o  medium wae e x c e l l e n t  f o r  th e  g ro w th  o f  
à ra ii p o s i t i v e  ^cocci* S in g le  c o lo n y  i a o l a t o a  w ere  made on to  
s lope©  o f  t h e  same mediiim* As t h e  s t r a in ©  w ore i s o l a t e d ,  
and  b e f o r e  an y  e x p e r im e a ts  d o a lg a e d  to  f i n d  o u t  t h e i r  
optim um te m p e r a tu r e  c o u ld  bo c a r r i e d  o u t ,  Î  c h o se  an a r b i t r a r y  
t e m p é r a tu r e  o f  in c u b a t i o n  f o r  t h e  g ro w th  o f  th e  s t r a i n s .  X 
d e c id e d  to  in c u b a te  t h e  s t r a i n s  i s o l a t e d  froKi h o s p i t a l '  s o u r c e s  
a t  3 5 ^ 8 s s i n c e  t h i s  i s  a  te m p e r a tu r e  a t  ? ;h ich  s t a p h y lo c o c c i  
( t h e  m o st l l k o l y  g ro u p  o f  t h e  Grsmi p o s i t i v e ,  c a t a l a i î e  p o s i t i v e  
c o c c i  to  be  p r e s e n t ,  i n  human in f e c t lo ^ ie )  grow  w e l l ,  an d  a l l  
o th e r  s t r a i n s  a t  30^ 0 , a in c o  t h i s  i s  a  te m p e r a tu r e  w h ich  
ta s so n o m is ta , o .g *  E o ô u r H a r t ln e o  (1 9 6 2 ) ,  B a lrd ^^P ark e r (1 9 6 3 ) 
h a v e  fo u n d  to  bo t h e  m oat s u i t a b l e  f o r  th e  g ro w th  o f  b o th  
m le ro e o o c i  an d  s t a p h y lo c o c c i .
M a in te n a n c e  o f  c u l t u r e s
FrO).?3 t h e  p u re  c u l t u r e s  o f  th o s e  i}0& a t r a i n s ,  e u b c u l tu r e s  w ere  
made on  to  e lo p e s  o f  B lood  A gar B ase H o .2 ,  an d  th e s e  w ere  
in c u b a te d  a t  30^0 f o r  3 d a y s .  I n i t i a l l y  t h e  i n o c u l a t e d  a g a r  
s lo p e s  w ore  p lu g g e d  w ith  c o t to n  w o o l, an d  to  p r e v e n t  d e s o i -  
c a t i o n , l i q u i d  p a r a f f i n  was p o u re d  o v e r  t h e  s u r f a c e  o f  th e  
s lo p e s ;  when a t  a  l a t e r  s t a g e  m e ta l  c a p s  x^eplaecd c o t to n  w ool 
p l u g s ,  t h e  a g a r  s lo p e s  d id  n o t  d ry  o u t  so  q u i c k ly ,  an d  s in c e  
s u b c u l t u r i n g  from  s lo p e s  o o v e re d  v d th  l i q u i d  p a r a f f i n  i s  
in c o n v e n ie n t^  tim e-^üonsum iîig  and  l i a b l e  to  c o n ta m in a t io n ,  th e
99 .
U80 o f  l i q u i d  p a r a f f i n  w as d le c o n tlB iie d *  . I n s t e a d  F iu tx d o n t ■. )
B ro th  (Ctirold) w as p lp e t te c l  a s e p t lo a 3 J y  on  to  t h e .. e lo p e  a u n tl3 - 
a l l  th e  h a c t e r r i a l  gx^owth and a g a r  was co ,y o red | t h e  tu b e s  v;ere
O 'a e e p t i o a l l y  cap p ed  and s t o r e d  a t  5 0# T heao a to o k  c u l t u r e s  
w ere  s u h c u l tu r o d  e v e ry  3 m onths*
BaMlHAOrcOH■'OF MOÏtHtOLOGICâL .OïïAMCflBRS ■ •
S m ears w ere  made from  c o l o n ie s  g ro w in g  on  10% h o r s e  b lo o d  
a g a r ,  ore Blooxl A gar B ase  l o * 3 ,  a f t e r  an  i n c u b a t i o n  p e r io d  o f  
24 h o u r s  a t  50^ 0 ,  an d  s t a i n e d  by Gramks m ethod* Bm oars w ore 
a l s o  made from  n u t r i e n t  b r o th  c u l t u r e s  a f t e r  in c u b a t io n -  a t
O '210 0 f o r  H4 h o u r s ,  an d  t h e s e  ©mea:ca ?/o re  s t a i n e d  w i th ,  
m e th y lo n e  b l u e .  O b s e r v a t io n s  on  c e l l '  a l s o ,  c o l l  sh a p e  and  
c e l] ,  ax*raBgem ents o f  a l l  t h e  406 s t r a i n  a  w ore  rimdo on th e  
m e th y lo n e  hlxxo s t a i n e d  s in o a rs , s i n c e  i t  was noticed t h a t  
Gram^s r e a g e n t s ,  c r y s t a l  v i o l e t  and  i o d i n e ,  seem ed to  
e n la r g e  t h e  s i s e  o f  t h e  c o c c i  i n  s m e a rs  much more th a n  th e  
m e th y le n e  b lu e ,  an d  therefore th e  l a t t e r  s t a i n  a l lo w e d  mo3?o 
a c c u r a t e  m e asu rem e n ta  o f  c e l l s  t o  b e  m ade, O o ll d ia m e te r s  
w ere  m ea su red  iT lth  a  micrometer o y e - p ie c e  a t-  a  m a g n lf  1 c a t i o n  
o f  1200 on  I n d i v i d u a l  c e l l o ,  w here t h i s  t e s  p o s s ib le ,-  The 
m o asu rem en t o f  th e  d la inetm ^s o f  i n d i v i d u a l  c e l l s  \il%b s t r a i g h t  - 
fozuvard îo r  t h e  B ia jo r i ty  o f  s t r a i n s ,  b u t  some s t.ra lB S  
e x h i b i t e d  p a c k e t  and  c l u s t e r  fo rm a tio n  w i th  few i n d i v i d u a l  
c e l l s ,  The l a t t e r  g ro u p  o f  s t r a i n s  i n v a r i a b l y  q o n ta in o d  
p le o m o rp h ic  c e l l s  o f  a  r e l a t i v e l y  l a r g e  s i s o  and  t h e s e  w ere  
d i f f i c u l t  to  measure accu ra te ly .  An average of f ive  diameter
-  1 0 0  -
measis,rem onte o f  th e  c o c c i were tak en  in  o rd e r  to  roduco i
mèaeùfèmonte o f  th e  c o c c i 'w ere  tak en  in  o rd e r  to  roduco i 
c o lo n ie s  grow ing on a g a r  and th e  ty p e  o f  growth i n  b ro thÎ
c u l tu r e  were a ls o  n o ted .
S ti 'o a k  c u l tu re ©  o f  a l l  hOê a t r a i n e  w ore I n c u b a te d  on  B lood 
A g ar B ase H o .2 a t  1 0 ^ 0 , 23^ 0 , 39^G and # 0 ^ 0 , an d  exam ined 
a f t e r  £4  h o u r s ,  4-2 h o u r s ,  66. lu m ra , 5. d a y s ,  9 d ay 8 , 21 clays, 
and  f i n a l l y .  28 d ay s- i n c u b a t i o n ,  • The te m p e r a tu r e  o f  th e  
I n c u b a to r  a  ctld not f l u c t u a t e  m ore th a n  -  *1.0^0, A lth o u g h  
many s t r a i n s  grow  a f t e r  Bk h o u r s  a t  o r  40 '^G  ^ some s t r a i n s  
to o k  m ore th a n  two w eeks to  ©how any  s ig n s  o f  g ro w th  a t  ,10^0. 
The optimum tem p e r a  t7ix*e o f  in c u b a t io n  o f  s t r a i n s  w a s .
.dotoxmiined v i s u a l ly  from th e  exam ination  o f  th e  amount o f  
grow th a p p e a rin g  a f t e r  g days a t  th e  above tem pérature^^.
The a b i l i t y  o f  a l l  s t r a i n s  to  %)roduee p igm ente was oscamined
on th e  fo llo w in g  medium;-^ 10% 0 )  ©klm m ilk  i n  Blood Agar Base
Mo.2 , In o c u la te d  p l a t e s  were in c u b a te d  fo r  3 daya a t  30^0,
. .
and th e  shades o f  th e  pigment© determ ined  from th e  c o lo n ie s  
iw lthout ro fe re n c e  to  c o lo u r  c h a r t s .
Sodium ehlor;Icl0___reMtgtgmge
The a b i l i t y  o f  a l l  © tra in s  to  grow on v a ry in g  c o n c e n tra tiouE. 
o f  sodium c h lo r id e  CHaGl) was miamined on th e  fo llo w in g
-  1 0 1
b a s a l  medium I*-* .
(% ^  i n  d is tl3 .1 e ç l w a to r )  y e a s t  e x t r a c t ,  0 . 3 ;  p e p to n e ,  0 .3 ;  
g lu c o s e ,  0 * 1 ; a g a r ,  1 * 5 ;. sodium  c h l o r i d e  i m p u r i t y ,  0 .0 ? ;  
to  t h i s  b a s e  t/a s  ad d e d  v a r io u s  oonc e n t r â t  i o n s  o f  sodium  
o h lo r id e ,  ( ^  ) , 5@ 10 a n d  15# S t r e a k  o u ltu ro G  o f  a l l  t h e  , 
e t m i n a  w ere  m ade on  th e  b a s a l  medlmn c o n ta in in g  0 ,  5s- 10 aaid 
1%% sodium  c h lo x 'id e .  The p l a t o e  w ore i n c u b a te d ’ f o r  10 d ay a  
a t  3 0 ^ 0 , a n d  th o  c u l t u r d a  w ere  exai-alned foz" growt%: a f t e r  2 ,
6 an d  10 d a y s  * in c u b a t io n ^  M oat a  t r a i n s  ahov;ed g3?owth a f t e r  
ë clays, b u t  Botno s t r a i n e  to o k  a t ' l e a s t  6 d ay s  to  show an y  
v i a l b l e  a lg n a  o f  g ro w th  O n '15% MaOl a g a r .
The f e w . s t r a i n s  t h a t  grew  on a  ao n ee n t r â t ! on o f  3 b u t  n o t  
10% sodium  c h l o r i d e  i n  a g a r  w ere p l a t e d  on M a n n ito l  B a l t  A gar 
(O x o ic i) , w h ich  c o n t a in s  a  c o n c e n t r a t i o n  o f  ?*5% sodium  ch lo zd .d e , 
and  th e  o u l tu r G s  w ore exam ined  f o r  g ro w th  a f t e r  2 ,  6 an d  10 . 
d a y s  a t  2 0 ^ 0 . '' S t r a i n s  a b le ,  t o  grow on  b o th  5% an d  10% 
sodium  C fh lo rid e  a g a r  w ere  aasm ued to  be a b l e  to  grow on ?.5%  
M a n n ito l B a l t  A g a r , o s p e o i a l l y  asm 'iany o f  t l i e s e  e tre a in s  w ere  
i s o l a t e d  o n .M a a m ito l B a l t 'A g a r  (T a b le  2 5 ) .
C a ta l a s e  p r o d u c t io n
The a b i l i t y  o f  a l l  s t r a i n s  to  p ro d u c e  t h e  OBsyiiie c a t a l a s o ,  
v;aa d e te rm in e d  by a d d in g  3% (^ )  h^fdrogen p e r o x id e  to  c o l o n ie s  
g ro w in g  on  B lood  A gar B ase H o .2  a f t e r  5 d a y s  * i n c u b a t i o n .  
S f f e rv o s c e n o e  froBi th e  c o lo n ! e a ,  b u t  aiot fro ja t h e  s u r ro u n a in g  
Hi odium , was c o n s id e r e d  to  b e  a n  I n d i c a t o r  o f  c a t a l a s e  p r o d u c t io n .
-  loa «
^ â â i â J s a â a s s S â s a . . ■ ' .
Tho a b i l i t y  o î  a l l  s t r a i n s  to  p ro d u ce ' th o  onsÿiao o x id a s e  was 
d e te rm in o c l by a d d in g  2 d ro p s  o f  th e  f o l lo w in g  r e a g e n t  on  to  
4  day  an d  10 d ay  o ld  c o l o n ie s  g ro w in g  on B lood  A gar B ase 
H o .2 and  on 10% HaOl a g a r  mediimi (p ag e  \0 \ ) in c u b a te d  a t  
3 0 ^ 0 . - -
P o a g è n ts -  1% (^) te t r a B ie th y l '^ p - p h e n y lo a o d iæ in o  d ih y d ro -  
c h l o r i d e  (B .b .H # ) and  a s c o r b ic  a c i d  i n  d i s t i l l e d
w a te r  ( S t e e l  I96B?")* A s t r o n g  p u r p le  b lu e  colons? a p p e a r in g  
Y zith in  30 s e c o n d s  on  th e  c o l o n i e s ,  b u t  n o t  on  th e  m e d ia , I s  
c h a r a c t e r l s t i c  o f  osd .daee a c t i v i t y *  The r e a g e n t  a u t o -  
o x id ia e a  t o  th e  p u r p le  c o lo u r  w i th in  a  few  clays, d e a p i to  t h e  
p r e s e n c e  o f  t h e  r e d u c in g  a g e n t , 'a s c o r b ic  a c i d ,  -and t h e r e f o r e  
was a lw a y s  u s e d  im m e d ia te ly  a f t e r  i t s  pc e p a r a t i o n .
The a b i l i t y  o f , s t r a i n s - t o  pa?o<Mce a c id  from  c a r b o h y d r a te s  was 
ex a m in e /iln  t h e  f o l lo w in g  m e d ia : -
i n  d i s t i l l e d  w a te r )
0 * 1 ; KOI, 0 * 0 2 ; ExsBQ^  ^ ?E^s> 0 ,0 2 ;  y e a s t  e x t r a c t  ( M f o o ) ,  0 * 1 ; 
g lu c o s e ,  1 ,0 ;  bz^QBiooresol p u rp le ^  0 * 0 0 4 ; agar.p 0 * 2 ; pH 7*0 
( B a i r  d^ P a rk  o r , 1963).*
a s  aX ueose A gar FiediiM  W o*l, b u t
w i th o u t  an y  a g a r ,
% |^lB Sêâ^âS i£ ,:SââteE L r5 B5â*'* (% ^  i n  d i s t i l l e d  w a te r )  t r y p to n o
( D1 îüeO) ÿ 1 , 0 ; y e a s t  e x t r a c t  ( D ifoo )g 0 • 15 g lu c o s e ^  1 , 0 ;
b ro m o c re a o l pitrpXe^ 0 ,0 0 % ;' agar@ 0 ,2 ; -  pH ? ,E  (Hedlum o f  
Bi^bcom itrittea on Taxonomy o f  B ta ÿ iy lo c o o c l  an d  M icro  c o c c i  g
*“ O lu eo ee  A gar Me d im : Mo, 2
w ith o u t  any  a g a r ,
The f o l lo w in g , MOdia w ere, p r e p a r e d  i n  th e  sarao way a e  th o s e  
l i s t e d  ab o v e  e x c e p t  t h a t  19A m aiim ito l was s u b s t i t u t ed- f o r  1#  
g lu co so :* -
M an ^ lto l._ 3 rQ tli E ro th  Mediiim N o ,2
The b a s a l  c o n s t i t u e n t s  o f  a l l  th e  ab o v e  m ed ia  w ere  s t e r i «)
.U s e d  a t  10 lb * / a q , l m ,  fo r  20 m in u te s ;  10i?S c a rb o h y d r a te
s o l u t i o n s  g s t e r i l i s e d  by S e i tB  f i l t m t i o u ç  w ere  ad d ed  a s e p t i c
c a l l y  t o  t h e  a t e r i l e  b a s a l  m ed ia  to  g iv e  a  f i n a l  c o n c e n t r a t io n
o f  c a r b o h y d r a te  i n  th e  m ed ia  o f  %%» The s ti l lf^ ^ m o lte n  m ed ia
w ere  a s e p t i e a l l y  d is p o n s o d  i n  8 ml* am oun ts i n t o  s t o r i l e
6 X # i n ,  t e s t  tu b e s  w hich  w ere  _th o n  s te a m e d  f o r  15 m in u te s
oto  d r iv e  o f f  d i s s o lv e d  oxygen^ an d  f i n a l l y  k e p t  a t  ^  0 u n t i l  
s e t . ( I f  t h e  medium c o n ta in e d  a g a r ) * or u n t i l  c o o l  ( i f  t h e r e  . 
w as no a g a r  i n  t h e  m e d ia ) , .
D u p l ic a te  tu b e s  w ore s t a b  I n o c u la te d  th ro u g h o u t  t h e i r  
l e n g th  w i th  I n o c u la  from  s lo p e  cv^lturoB# One tu b e  was 
in c u b a te d  u n d e r  a e r o b ic  c o n d i t i o n s  to  a l lo v ; o x i d a t i o n  o f  th e  
c a r b o h y d r a te  by th e  o rg a n is m s  to  tolco p l a c e ;  t h e  othos? tu b e
waa in c u b a te d ' u n d e r  a n a e r o b ic  c o n d i t io n s  :to  a l lo w  ■ 
f e r m e n ta t io n  to  t a k e  p l a c e ,  . -
Two m e th o d s  o f  o b t a in in g  a s ia e ro b la  co n ttltlO B e  w ere  used;**
(1 ) .c o v e r in g  th e .  s u r f a c e  o f  th e  iaocm laiteci m ed ia  . i n  th e  tu b e  
w i th  :k»H I n c h e s  o f  s t e r i l e  p a r a f f i n t
(2 )  p l a c i n g  th e  tu b e s  o f  I n o c u la t e d  m ed ia  i n  a n  a tm o sp h e re  o f  
h y d ro g e n  I n  a m odlfiG cl a l l w n e t a l  M c In to sh  & F i l d e s  a n a e r o b ic
a r*  ..
u t i l i s a t i o n  o f  t h e  o a rb o h y d ra té e  w as , d e te rm in e d  by a c id  .
p r o d u c t io n  an d  a  c o r r e s p o n d in g  lo w e r in g  of: t h e  pH w hich
ch an g ed  th e  c o lo u r  o f  th e  i n d i c a t o r » b ro m o c re e o l p u r p l e , from
p u r p le  to  o ra n g e  o r  y e l lo w  i n - a  pH o f  6 ,8  03? l e s s f
A l l  t h e  i n o c u l a t e d  m e d ia  w ere  exarained  f o r  g ro w th  and  a c id
■ op r o d u c t io n  a f t e r  7^ 1%  ^ .21' an d  28 days^ in c u b a t i o n  a t  30 G* 
The g ro w th  an d  p r o d u c t io n  o f  a c id  from  m a n m lto l by a t r a i n a  
u n d e r  a e r o b ic  c o n d l t io n a  w as a l s o  o b s e rv e d  on .M ann lto l B a l t  
A gar (p a g e  \0.\ ) a f t e r  S>s 1 4 g E l an d  28 days* in c u b a t i o n  a t
30^0* M an n ito l- B a l t  Aga%' c o n t a in s  p h e n o l r e d  a s  a  pH 
i n d i c a t o r  w ith  a  ;oH ra n g e  o f  (i*8 ^ § .4 ^  w h e re a s  a l l  t h e  o t h e r  
l i s t e d  c a r b o h y d r a te  m ed ia  c o n ta in . brom ocreaoX  p u r p l e  a e  a  pH ■ 
i n d i c a t o r  w ith  a  pH ra n g e  ..of g ,2  6 .8 ;  b o th  pH i n d i c a t o r s
t u r n  y e l lo w  i n  t h e  a c id  pE s o f  th e i:e  r e s p e c t i v e  r a n g e s .  
E a e to s e  ' ^
The a b i l i t y  o f  a l l  s t r a i n s  to  p ro d u c e  a c i d  from  l a c t o s e  was
© xarilned i n  th e  f o l lo w in g  medium:'# (72% i n  d i s t i l l e d  w a te r )
V
l a c t o s e 5 1 .0 ;  pGptOBûj 1 . g ; à n d ra d e è  I n d i c a t o r p 1 * 0 .
T ills  medium g c llsp e a se d  i n  3  m l. am oun ts i n t o  à x i  i n .  t o s t  
.tu b e s  j .was a t  o r  111 a od by eteeim ing f o r  3 e o n a e c u t lv o  d a y s .
T u b e s ‘w ore exam ined  f o r  a c i d  p r o d u c t io n g i n d i c a t e d  by a  p in k  
Golom?' i n  t l ie  modium@ a f t e r  Bf 4? 6 an d  1 4  days^ in c u b a t io n  
a t  50 0 . A lth o u g h  th e  m a jo r i t y  o f  s t r a i n s  w h ich  u t i l i s e d  
l a c t o s e  show ed a  p o s i t i v e  r e a c t i o n  a f t e r  2 d a y s ,  a  few 
s t r a i n s  w ere  l a t e  l a c t o s e  u t i l i z e r s  and  d id  n o t  show an y  
s i g n 'o f  a c id  p r o d u c t io n  u n t i l  a  posxlod o f  14 d a y s  had  
e l a p s e  Cl. ■
B « "g a lac to s ic lac^e , a c t i v i t y
Lowe (1S?62) d is c o v e r e d  by m oans o f  th e  OMP(?r t o o t  t h a t  c o n ­
fo rm s u t i l i s e  3 ,ao t6 so  ' i n  2 s t a g e s  -  f i r s t  o f  a l l  a  p e rm ease  
i s  3:^eQUired to  e n a b le  th e  l a c t o s e  t o  p e n e t r a t e  th e  c e l l s ,  
an d  s e c o n d ly  a 'jS - g a la c to a ld a s e  I s  r e q u i r e d  to  h y d r o ly s e  th e  
l a c t o s e .  ■ Lime (1962) a l s o  fou n d  by m eans o f  t h e  OHPG t e s t  
t h a t  some c o l l  form  s t r a i n s '  do n o t  h av e  th e  a b i l i t y  to  p.rochtee 
a  p e rm e a se , b i\t  a p p a r e n t ly  p ro d u c e  a  l |^ -^ g a la c to s id a s e , â  
y o a r  later McOlatdiy & D oaenbluA ( 1 9 6 3 )  ^ fo u n d , a g a in  by m eans 
o f  th e  OMFG te a t 's  t h a t  8 1aphy 1 0c o c cu s  a u r e u s  u t i l i s e s  l a c t o s e  
i n  th e  same way a s  th e  c o n f o r m a .
The a b i l i t y  o f  s t r a i n s  to  u t i l i s e  l a c t o s e  -w ithou t th e  
r e q u i r e s o n t  o f  a  p e rm e ase  ensymo was exam ined i n  th e  f o l lo w in g  
medium (L ap ag e  & Jay a ray aan , I 964)
0.6gm.0 •«« B l t r o p h e n y l  p  -  D g à lao to p y 5 ?an o a id o  (OMPG) w as
Dd ie -so lv ed  I n  100 m l. o f  0 ,0 1  H HFOl b u f f e r  a t  ‘oîï 7*5« a t: d ^  ^
room te m p e ra tu re e . ' ■ T h is  s o l u t i o n  vms s t o r l l i s e d  by B eltg ; 
. f i l t r a t i o n  and  1 p a r t  o f  OMPO so 3 ,u tio n  was .added a a o p t i 'c a l l y  
to  3  pa%*ts 1% (^ )  p e p to n e  w a te r  a t  7*5 pH, and  d is p e n s e d  i n  
3 Ml* am oun ts i n  .4 #  i n .  / t e s t -  t u b e s .  The y e l lo w  c o lo u r ,
due to  t h e  lih o .v a tiO B  o f  o -  n i t r o p h e n o l  by th e  j^^*galacto*- 
s i  d as  e ensym e, I s  c h a r a o t  e r i s t i c  o f  a  p o s i t i v e  .I'^eaction, 
I n o c u la te d  tu b e s  w ere  exam ined  f o r  p o s i t i v e  ' r e a c t i o n s  a f t e r  
Eg 3 an d  7 days^ in c u b a t i o n  a t  3 0 ^ 0 . • ■ ■ ■ . .
S t a r c h ' h y d r o l y s i s
The a b i l i t y  o f  a l l  s t r a i n s  to  h y d ro ly s e  s t a r c h  was exam ined  
i n  th e  fo l lo w in g  m edium :*=> %% ( ^ )  s o lu b le  s t a r c h  i n  B lood A gar 
B ase H o ,2 .
P e . t r i  d i s h e s  c o n ta in in g  t h i s  medium, a f t e r  i n o c u l a t i o n  and  
in c u b a t i o n  a t  f o r  5 d a y s , w ore f lo o d e d  w ith  (Pram*s
lo d ln o .  . The i o d i n e  r e a c t e d  w i th  th e  s t a r c h  i n  th e  medium to
g iv e  a  b lu e  b la c k  c o l o u r ,  and  s t a r c h  h y d r o l y s i s  was d e t e c t e d
by n o B '^ a ta ln in g  so n  o s  a ro u n d  th e  b a c t e r i a l  - c o l o n i e s .
Obzowth i n  g lu c o s e  ammonium p h o a ish a te  medium ■
G row th o f  s t r a i n s  o f  b a c t e r i a  I n  E u ck o r* s ' ( 1 9 2 4 a ,b )  p r o to -
t r o p h  medium I d an i n d i c a t o r  o f  the  a b i l i t y  o f  those s t r a i n s  
' t o  u t i l i s e  ammoBiUïii p h o ap lia to  a s  a o ie  s o u rc e  o f  n i t r o g e n .
T h is  medium c o n t a in s  (%) 1.075 g lu c o s e ,  O.3.# ammonium p h o s p h a te ,  
0 .0 2 #  p o ta s s iu m  c h l o r i d e ,  0 .0 2 #  m agnesium  s u l p h a t e ,  0 .0 0 4 #  
bx 'om ocreao l ip u rp le  (pH i n d i c a t o r )  and  1*3% w ashed a g a r  i n
w a te r .  Hu ekes? {1924a, b ) u se d  th e  a g a r  m edium  
i n  s l o p e s ,  b u t  1 u s e d  th e  a g a r  mediuBî I n  4 üfi.. d e e p s . The 
a b i l ; l t y  o f  t h e  406 s t r a i n s  to  grow i n  t h i s  ps?ototro'ph medium 
was exam ined  i n  th e  fo l lo w in g  way;#» f o r  each  s t r a i n ,  a  s m a ll  
aniount o f  c o l o n i a l  g\rov;th was omul s i  f l e d  i n  i s o t o n i c  s a l i n e  
to  g iv e  a  f a i n t  o p a le s c e n c e .  A n e e d le  p o in t  o f  t h i s  
p e n s io n  was s ta b b e d  i n t o  a  tu b e  o f  t h e  p r o to t r o p h  medium , 
w h ich  was th e n  in c u b a te d  a t  25^0 ( th e  optlm m n te m p é r a tu r e  
o f  p r o t o t r o p h i c  Graiu p o s i t i v e  c o c c i )  f o r  a  p e r io d  o f  6 
w eek s . I f  g ro w th  o o c u r ro d ,  a  n e e d le  p o in t  o f  t h i s  g row th  
was su sp e n d e d  I n  s a l i n e  and  a n o th e r  tu b e  o f  p r o to t r o p h  
Bleed,urn w as in o c u la te d *  T h is  g row th  t r a n s f e r  p ro c e d u re  was 
r e p e a te d  f o r  a  t o t a l  o f  6 t im e s ,  o r  l e s s  i f  g ro w th  c e a s e d  to  
o c c u r  b e f o r e  t h e  6 th  t r a n s f e r .  ‘ I f  g ro w th  o f  a  s t . r a i n  was 
r e c o rd e d  a f t e r  t h e  6 th  an d  f i n a l  t r a n s f e r ,  t h e  s t r a i n  was 
c o n s id e r e d  to  be  p r o to t r o p h i c  and  a b l e  to  u t i l i s e  ammonium 
p h o s p h a te  a s  a  s o lo  s o u rc e  o f  n i t r o g e n .
A c o to in  vroduc t l o n
The a b i l i t y  o f  a l l  s t r a i n s  to  p ro d u ce  a c o t o in  was ossm ilned 
i n  th e  fol3.ov-rlng Biedia:-*
A e o tq in  MediuBï H o . l  5 G lu co ee  p h o s p h a te  raecliiM (M ackio 1* 
M cC artn ey ÿ I 96O; .'page 2 1 8 ) .
A c e to in  Medium l o . E  % U n b u ffe re d  g lu c o s e  b r o th  {B aird*^P arker,
19 6 3 ) .
T ubes c o n ta in in g  9 val. o f  th e s e  m ed ia  w ore I n o c u la te d  and
in c i ib a to d  f o r  4 an d  14 clays. . The x x resonce  o f  a c e t o i n  waa 
d e t e c t e d  by I M r r l t e *  (1 9 3 6 ) m e th o d ; I .5  m l. o f  a  375 s o l u t i o n  
o f  D(-nap>tho3, i n  a b s o l u t e  alcolio3. fo llo w e d  by 0 .3  m l. o f  a..
30% p o ta se iu rii h y d ro x id e  s o lu t io n ,  was .a cl dad to  3 m l. o f  t h e  
b r o th  e u l t i i r e s .  à p o s i t i v e  r e a c t io n ^  i n d i c a t i n g  th e  p r e s e n c e  
o f  a c e t o i n ,  was r e c o g n is e d  b y ,a  b r i g h t  p inic c o lo u r  a p p e a r in g  
a t  t h e  s u r f a c e  o f  th e  c u l t u r e  a f t e r  a  tim e  o f  30 m in u te s  to  
3  h o u r s .
G o a g u la se  p ro  du c t i o n
The a b l3 , l ty  o f  a l l  s t r a i n s  to ,p :ro d u o o  c o a g u la s e  w as exam ined  
by 3  m e th o d s  o f  tu b e  t e s t *
Tube t e s t  1
The ty p e  o f  p la sm a  u s e d  I n  th e  t e s t  seem s to  be  c r i t i c a l@  b u t  
o p in io n s  v a ry  a s  to  w h ich  i s  th q  b e a t .  F isk H s  m ethod  (1 9 4 0 ) ,  
t h e  t u b e . t e a t  w i th  human o r  r a b b i t  p la s m a , soom s to  b e  t h e  
m o st w id e ly  a c c e p te d  and  w as u s e d  by M osso l ( 1 9 6 2 ) ,  P ik e  (3.962) 
an d  B a ird ^ ^ P a rk e r ( 1963) # Ghapman e t^ gg,, ( 1 9 3 8 ) fo u n d  t h a t  
human p la sm a  w as much m ore e f f e c t i v e  th a n  cow* s  p la sm a  an d  t h a t  
c l o t s  from  human p.lasm a l a s t e d  lo n g e r  th a n  c l o t s  from  th e  
r a b b i t  p la sB ia . Shaw ^ t r a l *  (1951) e x p e r im e n te d  w ith  humauj 
r a b b i t 5 lio:?8 o and  sh e e p  p l a a a a ;  th e  f i r s t  two g av e  th e  g r e a t e s t  
num bor o f  p o s i t i v e  r e s u l t s *  .S m ith  ( 1962)5  w o rk in g  w ith  s t r a i n s  
o f  c o c c i  i s o l a t e d  fro m : dogSg n o t i c e d  t h a t  a  g r e a t e r  num ber o f  
p o s i t i v e  r e s u l t s  w ere  o b ta in e d  froi:i  ^ r a b b i t  o r  sh o o p  p la sm a  th a n  
fro s i human p la a n a *  The mpst- s u i t a b l e  p la sm a  f o r  th e  t e s t  may
-  1 0 9  -
vrell dopoiid on t h e  source o f  the s tra in s  to he examined*
S in e e  a  l a r g e  p r o p o r t i o n  o f  my s t r n l a s  w ere  i s o l a t e d  from  
human s k i n ,  I  u s e d  human p la sm a  and tu b e  t e a t  1 w as c a r r i e d  
o u t .
Tube t e s t  1 ; 0*5  m l. o f  o i t r a t e d  fx^eah human p la s m a , d i l u t e d  
1 /1 0  i n  i s o t o n i c  s a l i n e  $ w as ad d ed  to  0*5 m l. o f  an  o v e r n ig h t  
n u t r i e n t  b r o th  o u 3 .tu re  o f  each  s t r a i n  i n  a  tu b e .  The tu b e s  
w ere  exaiainocl f o r  c l o t  f o rm a tio n  a f t e r  1 ,  4$ 6 emd 18 hou,ra* 
in c u b a t i o n  a t  3?^C .
Tube t e s t  B
The s ta n d a r d  te m p e r a tu r e  o f  I n c u b a t io n  i s  b u t  Chapraan
é t  a l»  ( 1 9 3 8 } an d  B is h o r  (1936) o b ta in e d  t h e  s » e  m m b o r o f  
p o s i t i v e  r é s u l t a  a t  room to sn p o ra ti^ re  a s  a t  3 7 ^ 0 . L om inelti 
e t  g 1 . ( ‘1955) p o ih t  o u t  t h a t  a  c l o t  w i l l  o c c u r  a t  room 
te m p e r a tu r e  i n  p la s m a 5 p ro v id e d  t h a t  c o a g u la e e  i s  profox\m ed, 
b e f o r e  coa iiia laae^-^destroy ing  ensyBiaa, w h ich  a r e  hnovm to  be  
p ro d u c e d .b y  s ta p h y lo c o c c i  (LomlBBld. e t  £ l .  19 3 3 ) become a c t i v e .  
Tube t e s t  2 ,  t h e r e f o r e ,  was c a r r i e d  o u t ,  i n  w h ich  th e  i n c u b a t i o n  
te m p e r a tu r e  w as lo w e r  an d  th e  p la sm a  i n  a  g r e a t e r  c o n c e n t r a t i o n , 
th a n  I n  tu b e  t e s t  1 .
Tube t e s t  2 ; 0 .8  m l. o f  o l t r a t o d  f r e s h  u n d i l u t e d  humaii p la a :aa  
was ad d ed  to  0 .2  m l. o f  a n  o v o r n ig h t  n u t r i e n t  b r o th  c u l t u r e  o f  
e a c h  s t r a i n . T h eee  tu b e s  v/ero in c iib a te e l a t  room tem p e r a  tu  i:'© 
f o r  2 d a y s  an d  exam ined  a t  i n t e r v a l s  f o r  c l o t  f o r m a t io n .
mo
t e s t  3
A lth o u g h  G,it5?atoci p la sm a  w i l l  o n ly  bo c l o t t e d  by a t a p h y lo -  
00e e l ,  BQvao o t h e r  b a c t e r i a  w i l l  u t i l i s e  th e  c i t r a t e , a f t e r  an  
in c u b â t io u , p e r io d  o f  h o u r s  a t  37 G, an d  a l lo w  th e  no rm al
c l o t t i n g  m echanism  to  t a k e  p l a c e  ( h a r p e r  & Oomvay, 1948)*
The a d d ic tio n  o f  h e p a r i n ,  w h ich  l a  a c t i v e  a g a i n s t  th ro m b in  i n  
p la sm a , and i n h i b i t s  t h e  n o rm al b lo o d  c l o t t i n g  a c t i o n  even  i n  
t h e  p .resoE ce o f  c a lc iu m  i o n s ,  to  e i t r a t o d  p lasB ia was 
recom m ended by Lom lm skl & Gro Sfs f i e l d  i n  1948 to  p r e v e n t  t h e  
p o a a i b i l i t y  o f  su c h  f a l s e  p o s i t i v e  . r e s u l t s .  9Mbe t e s t  3  w as, 
t h e r e f o r e ,  c a r r i e d  o u t .
Tube t e a t  3 * G i t r a t e d  f r e s h  human p lasm a c o n ta in in g  h e p a r in  
XlO i .n t e r n a t i o n a l  u n i t s / r a l . )  vma s u b s t i t u t e d  f o r  th e  c i t r a t o d  
f r e s h  human p la sm a  i n  tu b e  t e s t  É.
S l i d e  t e s t
The a b i l i t y  o f  a l l  4^6  s t r a i n s  to  p ro d u c e  c o a g u la s e  was a l s o  
exam ined  by th e  e l i d e  t e s t . .  à a l l  do t e a t  f o r  t h e  r a p id  
i d e n t i f i c a t i o n  o f  c o a g u la s e  p o s i t i v e  s t a p h y lo c o c c i  v;as 
d e v e lo p e d  by C ad n ess^ G rav e s  e t  a l . , 1943 (p a g e  S 8  ) I n  w hich  a  
h eav y  e u s p e n s io n  o f  s t a p h y lo c o c c i  i s  m ixed  w ith, a  d ro p  o f  
p la sm a  o r  f ib r in o g e n  s o l u t i o n  on a  m ic ro s c o p e  e l i d e  and  i f  
c lu m p in g  o c c u r s  i n  u n d e r  a  m in u te  th e n  th e  s t a p h y lo c o c c a l  
s t r a i n  i s  c o n s id e r e d  to  be coagu3.,a0e p o s i t i v e .
S l i d e  t e a t  ; A l o o p f u l  o f  a n  o v e r n ig h t  s lo p e  c u l t u r e  on B lood 
â g a r  Baao H o .2 was e m u ls i f i e d  l:a a  d ro p  o f  s a l i n e  o r  w a te r  to
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w h ich  was ad d ed  a l o o p f u l  o f  u n d i l u t e d  u l t r a t e d  f r e s h  human 
p la s m a . Xf no O B iu ls lf Iq a tlo m  o f  th e  organ,ism  was p o s s i b l e ,  
o r  i f  -G poataneoiaa g r a n u l a t i o n  o r  c lu m p in g  to o k  -p la c e  i n  s a l i n e  
o r  w a te r  a l o n e ,  i t  was n o t  p o a a ib le  to  exam ine t h i s  s t r a i n  by 
tliQ S l i d e  eo ag iü .a so  t e s t .  . â  p o s i t i v e  r e a c t i o n  wao i n d i c a t e d  
by a  c lu m p in g  o f  th e  -o r g a n is a  i n  th e  p l a m a  i n  15  to  60 
s e c o n d s .
P h o s p h a ta s e  p r o d u c t io n  - -
The a b i l i t y  o f  a l l  o t r a i n s  to  p ro d u c e  p h o s p h a ta s e  was exam ined  
In  t h e  f o l lo w in g  m ed ium ;- 1 m l. o f  a  1% (^ )  E e i t a  f i l t e r e d  
s o l u t i o n  o f 's o d iu m  p h e n o lp h th a lo ln  d ip h o s p h a te  (L . L ig h t  & Co. 
L t d . )  i n  S%) bX , o f  B lo o d  A gar B ase  M o.2 .  i n o c u l a t e d  p l a t e s  
w ore I n e u b a tc d  a t  f o r  d a y s ;  t h e  p l a t e s  w ere  th e n
earposed to  am monia v a p o u rs  an d  the . p h o s p h a ta s e  p ro d u c in g  
c o l o n i e s  w ere  d e t e c t e d  s i n c e  th e y  tu r n e d  deop p in lt  w i th in  15 
seconde«I' T h is  p in k  c o lo u r  i s  duo to  th e  r e a c t i o n  o f  ammonia 
w ith  f r e e  p h o n o lp h th a le ln , 'r e l e a s e d  from  p h e n o lp h th a l e in  d l«  
p h o s p h a te  by  t h e  p h o s p h a ta s e  enîsyme.
P r o t e o l y s i s  -
The a b i l i t y  o f  a l l  s t r a i n s  to  b re a k  down p r o t e i n  w as ex m iln e d  
by th e  f o l lo w in g  m e th o d s : -  '
(1 )  S t r a i n s  w ere  I n o c u la t e d  on to  B lood  ikgar B ase  H o .2 
c o n t a in i n g  1 0 #  C^) s t e r i l e  skim  m ilk ^  and  in c u b a te d  a t  30^0 fo] 
5 claye* Tile p l a t e s  w ere  them  f lo o d e d  w ith  a c i d i c  m e rc u r ic
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c h l o r id e  ( F r a s i e r ,  1926) t o  d i s t i n g u i s h  be tw eo n  t r u e  
p r o te o ly s i l s  aaid t h e  c l e a r i n g  o f  m i lk ,  ow ing to  t h e  d i s s o l v i n g  
o f  m ilk  p r o t e i n  by a l k a l i n e  an d  p r o d u c ts  o f  m e ta b o lism  
( H a s t in g s ,  1904} «
(2) S t r a i n s  w ore Im o c u la to d  on to  B lood  A gar Ilaso  Ho *2 
c o n ta in in g  1 #  (^ )  g e l a t i n  and  l% icubatod f o r  5 d a y s  a t  30^ G. 
G e la t in  h y d r o l y s i s  w as d e t e c t e d  by th e  ab o v e  m e n tio n e d  m ethod  
o f  F r a s i e r  (3 ,926).
Ï? r e a  hy  d r o ly  s i  a
f lîo  a b i l i t y  o f  a l l  s t r a i n s  to  b re a k  down u r e a  w as exam ined  i n  
C h r is te n s e n *  s  {1946) m edium . A f t e r  t h e  s t r a i n s  w ere  I n c u b a te d  
on t h i s  medium f o r  3 d a y s  a t  , t h e r , c u l t u r e s  w ere  exam ined 
f o r  t h e i r  a b i l i t y  t o  h y d ro ly a e  u r e a ,  i n d i c a t e d  by a  p u r p le  
c o lo u r  d e v e lo p in g  i n  th e  medium .
L in o  l y s i s
The a b i l i t y  o f  a l l  s t r a i n s  t o  b re a l t  down f a t  was exam ined  on 
t r i b u t y r i n  a g a r  an d  egg y o lk  a g a r  a s  f o l l o w s ; -  
(1 )  B t r a in s  w ere  i n o c u l a t e d  on t o  T ribu .t y r i n  A gar (O xo ld ) and  
in c u b a te d  f o r  3 d ay s  a t  30*^0. L i p o l y s l s  w as d e t e c t e d  by c l e a r  
£U?oas d e v e lo p in g  a ro u n d  c o lo n ie s  on th e  o p aq u e  m edium .
(3 )  S t r a i n s  w ere  i n o c u l a t e d  on to  B lood A gar B ase M o.2 con­
t a i n i n g  10% (%) egg y o lk  e m u ls io n  (O x o ld ) . L l p o l y s i a  was
d e t e c t e d  by a r e a s  o f  o p a lè o c e n c e  a ro u n d  c o lo n ie s  a f t e r  an  
in c u b a t i o n  p e r io d  o f  3 d a y s  a t  go^G*. O p a le s c e n c e  x s  th o u g h t
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to  be  o a u se d  by a  l i p a s e  (G d llo sp i©  & A ld e r ,  1 9 5 2 ) .
H ae iiio ly sin  n ro  ûii o t l o n
The a b i l i t y  o f  a t  r a i n a  to  p ro d u c e  haeiBolyslE©  w as exam ined  
by t h e  f o l lo w in g  miethoda:»^
■Ilaem olyain M ethod H o . l  ; 2.60 .random ly  chosen- a t r a i n a  w ere  
s t r e a k e d  a c r o s s  p l a t e s  o f  B lo o d  A gar B ase H o .2  c o n ta in in g ',  
lO /( (%) d o f i t o l n a t o d  h o r s e  b lo o d  (O x o id ) . T he p l a t e s  w ere  
I n c u b a te d  a e r o b i c a l l y  a t  gO^G an d  o b s e rv e d  f o r  h a e m o ly s is  
a f t e r  24 a n d  ?2  h o u rs*  A f t e r  72 h o u rs  p l a t e s  w ore  l e f t  a t  
5^0 o v e r n ig h t  t o  d e t e c t  t h e  p r e s e n c e  o f  ®>hot'-colcH^ o r  p -  
h a e ra o ly a in . -
im o m o ly a ln  M ethod H o .2 : T h ia  m ethod  d i f f e r s  from  t h a t  o f  
L o m ln sk l & A rb u th n o t t  (1962) o n ly  i n  t i m t  a n  a tm o s p h e re  o f  
a i r  v;as u s e d  i n s t e a d  o f  a n  a tm o sp h e re  o f  SO# a i r  a n d  20# 
c a rb o n  d io x id e  f o r  t h e  c u l t u r i n g  o f  t h e  s t r a i n s .
A random  s e l e c t i o n  o f  18 o f  th e  s t r a i n s ,  w h ich  w ore 
oxaiîîined by lïa e m o ly s in  M ethod H o . l ,  w ere  grown on s lo p p y  a g a r  
p l a t e s ,  com posed o f  0*5?^ (^ )  a g a r  i n  H u t r lo n t  B ro th  (O m ld )  
f o r  Go h o u r s .  T he p l a t e s  w ere  th e n , d e e i^ - f ro z e n  an d  th aw ed . 
F o llo w in g  t h i s  p r o c e d u r e ,  t h e  b a c t e r i a l  c e l l s  and  a g a r  w ere  
s e p a r a t e d  by low  sp e e d  c e n t r i f u g a t i o n  from  th e  s u p e r n a ta n t  
c o n t a in i n g  th e  h a e m o ly e in ; t h i s  l a t t e r  p o r t i o n  w as r e t a i n e d . 
D i l u t i o n s  o f  ^ / l ,  '^ /2 ,  '^ '/8  w ere  p r e p a r e d  from  ea ch
s u p e r n a t a n t  i n  a  d i3 ,u e n t c o n ta in in g  ?3% s a l i n e  □ 24#  Hu t r i e n t  
B ro th  and  1#  o f  ^/lO O  d i l u t i o n  o f  t h i o m e r s a l a t e .  A t t h i s
^ 1 X4 .T
s t a g e ,  2# su a p en srlo n s  o f  w ashed r e d  b lo o d  e e lX s  o f  h o r s e  
(Oxotld) 3 human (expi:eQ d b lo o d . W e ste rn  I n f i r m a r y ,  G lasg o w ), 
r a b b i t  (D e p t, o f  B a c te rio lo g y -Im m u ra o lo g y , G laegov; U n i v e r s i t y ) ,  
EiouBe (D e p t, o f  B a a t e r l o lo g y - Immunologa^, G lasgow  Ï Ï B iv e r s i ty )  
and  sh e e p  (O x o id ) w ere  p r e p a r e d ,  am! O .g  m l. o f  e a c h  h a e m o ly s is  
d i l u t i o n  w as ad d e d  t o -0 .5  ml* o f  a  r e d  c e l l  s u s p e n a lo n  and  th e  
m ix tu re  In o u b a to d  f o r  6 h o u r s .  The t i t r e  o f  h a e m o ly t io  
a c t i v i t y  was c a l c u l a t e d  from  t h e  h ig h e s t  d i l u t i o n  o f  h a e m o ly s is  
w h ich  w ould ly e o  30% o f  t h e  r e d  c e l l s  a f t e r  t h i s  t im e .
P hage ty n iB g
â  random  s o l o e t i o n  o f  39 a t r a l n o  w ere p h a g e  ty p e d  a t  t h e  p h ag e  
ty p in g  l a b o r a t o r y ,  D ep a rtm en t o f  B ac te rio lo g y .^ Im m u n o lo g y ,
W e s te rn  I n f l m m r y ,  G lasgow . The i n t e r n a t i o n a l  s ta n d a r d  
m ethod  w as u s e d  i n  w h ich  B tap liy3 ,ococcus a u ro n s  p h a g e s  o f  
G roups I ,  I I ,  I I I  a n d  t h e  m isc e lX a n eo u a  g ro u p  (so m e tim e s  
c a l l e d  G roup I f )  w ere  t e s t e d  on  ea ch  o f  th e  89 s t r a i n s . The 
phage© w ere  s u p p l i e d  by t h e  B ta p h y lo e o c o u a  R e f e r en ce  L a b o r a to r y ,  
Oo3.1ndale A venue ,  Xiondon, W.W.9*
The d ia g ra m s , some o f  th e  t a b l e s ,  an d  Bcheme 1 w ere  p h o to g ra p h e d  
v /l th  a  h a l f  p l a t e  o r  q u a r t e r  p l a t e  H #F .P . cam era  on  to  E o d a l l t h  
O rth o  f i lm  (E odak )g  an d  w ere  p r i n t e d  on  K o dagraph  P r o j e c t i o n  
p a p e r  (ICodal;) o r  b ro m id e  a i r  raerll p a p e r  (ICodal?:).
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RESUI.TS
ÏHTRODÎICTIOÎ'I TO THE RESÏÏLTB* BECTÎOH 
I n  d e a l in g  w ith  th o  m o rp h o lo g ic a l  an d  % ]h y b io lo g ica l r e s u l t s  
o f  t h e  406 s t r a i n s ,  I  h a v e  u se d  t a b l e s  show ing  a  s im p le  
a r b i t r a r y  c l a s a i n c a t i o n  schem e o f  t h e  s t r a i n s  i n t o  4 g ro u p s , 
on t h e b a a i s  o f  g lu c o s e  u t i l i s a t i o n  and c o a g u la s e p ro d u c tio n *  
S t r a i n s  w ere  f i r s t  o f  a l l  d iv id e d  i n t o  2 m ain  g ro u p s  •» 
s t a p h y lo c o c c i  an d  m ic ro c o c c i  by th e  c h a r a c t e r  o f  g lu c o s e
f e r m e n ta t io n ;  g lu c o s e  f e r m e n ta t io n  i s  g e n e r a l l y  r e c o g n is e d  
a s  th e  s o l e  c h a r a c t e r  w hich  s e p a r a t e s  a t a p h y lo c o c c i  from  
m ic ro c o c c i  (p a g e  \l^ ) ,
The s t a p h y lo c o c c i  w ere  d iv id e d  f u r t h e r  i n t o  2 g ro u p s  « 
c o a g u la s e p o s i t i v e  s t a p h y lo c o c c i  and  co ag u las©  n e g a t iv e  
s t a p h y lo c o c c i ;  c o a g u la s e p r o d u c t io n  i s  r e g a r d e d  a s  th e  m ain  
c h a r a c t e r  s e p a r a t i n g  th e  p a th o g e n ic  from  th e  s a p r o p h y t i c  
s t a p h y lo c o c c i  (p a g e  S ^ ) *
The m ic ro c o c c i  w ere  f u r t h e r  d iv id e d  i n t o  2 g ro u p s  ^  t h e  
g lu c o s e  o x i d i s i n g  m ic ro c o c c i  a n d th e  m ic ro c o c c i  u n a b le  to  
u t i l i s e  g lu c o s e ;  t h e  g ro u p , c o n ta in in g  s t r a i n s  u n a b le  to  
u t i l i s e  g lu c o s e  ©von u n d e r  a e r o b ic  c o n d i t i o n s ,  c o m p r is e s  
m ost o f  th e  p ig m e n te d  s t r a i n s  o f  t h e  M icro co G caceae* e . g .  
s t r a i n s  o f  M ic ro c o c c u s  l u t e u s  and  M. r o s e u s .
T h ese  g ro u p s  a r e  p r e s e n te d  w ith  a  v iew  to  h e lp  t h e  r e a d e r  
com pare my r e s u l t s  w ith  th o s e  o f  o t h e r  t a x o n o m is t s ,  v/ho h a v e  
u s e d  th e  c h a r a c t e r s  o f  g lu c o s e  u t i l i s a t i o n  an d  co ag u la s©  
p ro d u c t io n ,  a s  m ain  c h a r a c t e r s  i n  t h e i r  c l a s s i f i c a t i o n  schem es*
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(T a b le s  2 ,  3 ,  4  an d  5)5  1 do n o t  r e c o g n i s e  su c h  s im p le
groiîps, however, i n  my c l a s s i f i c a t i o n  schemes (Schemes 1 &,2)./
MORPHOLOGICAL RESULTS
C e l l  s i îs e  and  c e l l  sh a p e
The d ia m e te r s  o f  c e l l s  o f  a l l  406 s t r a i n s  w ere  m e a su re d , and  
i t  was found  t h a t  d ia m e te r s  r a n g e d  from  0 * 9 jito  l*5jA? 
t h e  r e s u l t s  a r e  sum m arised  i n  T a b le  24*
F iv e  o u t  o f  th e  406 s t r a i n s  c o n ta in e d  c e l l s  w h ich  w ere  
e l l i p s o i d a l  i n  s h a p e , and  i t  w as d i f f i c u l t  t o  t e l l  i f  th o s e  
s t r a i n s  w ere  r e a l l y  c o c c i  o r  s h o r t  r o d s .  T h e se  s t r a i n s ,  
h o w ev e r, w ere  c l a s s i f i e d  w ith  th e  o t h e r s ,  f o r  i f  tho^r vm re 
d i f f e r e n t  p h y s i o l o g i c a l l y  a s  w e l l  a s  m o r p h o lo g ic a l ly ,  th e  
A d an so n ian  m ethod  o f  c l a s s i f i c a t i o n  w ould a u t o m a t i c a l l y  p la c e  
them  i n  a  s e p a r a t e  g ro u p  from  th e  t r u l y  s p h e r i c a l  c o c c i ,
(p a g e  ^  ) .
G ram * s  r e a c t i o n  o f  c e l l s  i n  s t a i n e d  sm e a rs
A l l  406 s t r a i n s  w ere  fo u n d  t o  be  Oram p o s i t i v e  when th e y  w ere  
s t a i n e d  by  Gram’s  m e th o d .
C e l l  a r r a n g e m e n t ,  c o l o n i a l  a p p e a ra n c e  o f  c e l l s  on  a g a r  and  th e  
form  o f _ g ro w th  i n  b r d th  cu l t u r e
O nly  ran d o m ly  sm ip le d  s t r a i n s  w ere  exam ined f o r  c e l l  a r r a n g e ­
m e n t, t h e  form  o f  c o l o n ie s  on a g a r  and  th e  ty p e  o f  g ro w th  i n  
b r o th  c u l t u r e s .  I  fo u n d  t h a t  no s t r a i n ,  i n c lu d i n g  named 
, M ic ro o p co its  l u t  eu s  and  JS arc in a  s p e c i e s ,  c o n s i s t e n t l y  showed 
p a c k e t  f o r m a t io n ,  a n d 'l ik e  many o t h e r  t a x o n o m is t s ,  I  do n o t
1:1?
c o n s id e r  t h a t  p a c k e t  f o rm a tio n  i s  a  s i g n i f i c a n t  c h a r a c t e r  
f o r  c l a B s l f y i n g  s t r a in ©  o f  m le ro e o a c l  and  s ta p h y X o c o c c i.  
The r e s u l t s  a r c  a m m a r le e d  i n  T a b le  24#
. s m o - M '
M o rp h o lo g ic a l
a p p e a ra n c e s
c o a g u la a o  4-ve 
8 ta p h y lo  CO o c l
coagA^lase ««ve 
s t a p h y lo c o c c i
non-»» p a c k e t  
fo rm in g  
m lc ro a o c c i
p a c k e t  
- fo rm in g  
m ic ro c o o e l
C e l l  ©1^0 
( d i a .  i n  JUL ) 0 .9  ' 1 .0 1 .0  -  1 .2 1 .1  -  1 .5
Ooi:i a r r a n g e ^  
■ m ent
s i n g l e  G63,1 B, p a i r s 3 s h o r t  c h a in s  an d  
g r a p e - l i k e  c l u s t e r s .
p a c k e t s  o f  
c o l l s .
C o lo n ia l
a p p e a ra n c e
smal'X to  medium siîâo  
.c o lo n ie s  ( 0 .5  2 .0  m a .) ,  
e n t i r e  and  s l i g h t l y  
co n v ex ..
medium to  I 
c o l o n ie s  0  
mm. . ) 9 u su a l 
an d  co n v ex  
c o lo n ie s  o: 
g r a n u l a r .
Largo s i s e  
,.Q  =* 4*0 
J .y  e n t i r e  
y e l lo w  
? ton
G row th I n  
b r o th
f i n e  e a s i l y  s u s p o n d ib le  
s e  f ilm e n t.
non«p:l0Bo n ted s t r a i n s  
h a v e  f i n e  e u s p e n d ib le  
s e d im e n t:
r e d  an d  y e l lo w  p i g -  
m an ted  s t r a i n s  h av e  
m uco id  s e dim o n t w ith  
c l e a r  s u p e r n a t a n t .
M o t m t y  M  c<aa>Q
l a  v iew  o f  t h e  e x tre m e  r a r i t y  o f  m o t i l e  fo rm s o f  c o c c i  
(p a g e  *i\ ) ,  X d id  n o t  exam ine any  o f  t h e  t\06 s t r a i n s  f o r  t 
c h a r a c t e r  o f  m o t i l i t y .
Q j^foih^g
I t  was c o n s id e r e d  ir^^p o rtan t to  e s t a b l i s h  t h e  optim um
te m p e ra  tia re  o f  g ro w th  an d  th e  c r i t i c a l  grow th- r a n g e  o f  a l l  
8 t r a i n  a e a if ly  on  i n  t h e  tax o n o m ic  s tu d ie s ^  o f  m ic ro  c o c c i  and  
s t a p h y l o c o c c i , so  th a t ,  th e  l a t e r  e x p e r im e n ta l  work w ould  n o t  
be  h in d e re d  by la c k  o f  k now ledge o f  t h e  te m p e r a tu r e  r a n g e  o f  
g ro w th  o f  t h e  o t r a i n a .  =
A l l  s t r a i n s  grew  a t  an d  gO^G, an d  t h e  num bers o f
s t r a i n s  g ro w in g  a t  lO^G anti l\Ù^ü a r e  l i s t e d  I n  T a b le  2g*
o f_ m e_ B * lcrq t  10 0 and
A r b i t r a r y  g ro u p in g  o f  s t r a i n s
C o a g u la s  O' *^ve s ta p h y lo o o b e i
O o ag u la se  s ta p h y lo c o o c i  
G lu co se  o x lc U s in g  m io ro o o c c i
M icroC O col u n a b le  t o  u t i l i s e  
g lu c o s e .
Ho* o f  















As .can  be s e e n  from  th e  t a b l e ,  t h e  c o a g u la s o  p o s i t l v o  s t r a i n s  
.grew  a t  10^C an d  40^ 0 , b u t  m ost c o a g u la s e  n e g a t iv e  s ta p h y lo ­
c o c c i  grew  a t  40^0 and  n o t  a t  lO^C; t h e  m a jo r i t y  o f  th e  
m ic ro  c o c c i  .u n a b le  to  u t i l i s e  g lu c o s e  grew  a t  lO^’c b u t  o n ly  
48ji o f  t h e s e  s t r a i n s  grew  a t  40^G#
The s h a d e s  o f  t h e  p ig m e n ts  o f  th e  406 s t r a i n s  w ere  d e te rm in e d  
from a  v i s u a l  r a n g e  o f  14  s h a d e s  o f  c o lo u r .
— 13,9 ^
One s t r a i n ,  , s t r a i n  h o . 336s
known to  px'ocluc© a  v i o l e t  p ig m e n t, d id  n o t  do bo on 10# skim  
ml3,k a g a r ,  b u t  t h e  p ig m e n t was p ro d u c e d  by t h e  s t r a i n  on 
t r l b i i t y r l r a  a g a r  and s t a r c h  a g a r .  S in c e  a3-l t h e  o th e r  
s t r a i h s  w ere  grown on  th e s e  3 m e d ia , t  w ould  h a v e  n o t i c e d  any 
o t h e r  s t r a i n  p ro d u c in g  a  s i m i l a r  v i o l e t  p ig m e n t. A p a r t from  
th e  v i o l e t  p ig ia e n t ,  a l l  othor* p l^p iien ts w ore  w e l l  d e v e lo p e d  on 
GolomloE) g ro w in g  on 10% akim  m ilk  a g a r .
O f t h e  21 C Q agulase  p o s i t i v e  s tap h y ^ ^ o co o o i, 13  s t r a i n s  
p ro d u c e d  p ig m e n ts  o f  v a r y in g  ahado© o f  y e l lo w ,  6 s t r a i n s  w ere  
w h i te ,  an d  2  s t r a i n s  væx'^o cream  c o lo u r e d .  M oat o f  th e  
co ag u las©  n e g a t iv e  a ta p h y lo c o c c i  ( ly g /P O ?  s t r a i n s )  p ro d u c e d  
i7 h ite  c o l o n i e s .  The f o l lo w in g  s t r a i n s  w ere  y e l lo w  p lgm em tod; 
1 2 /2 0 ?  co a g u la s©  n e g a t iv e  s t a p h y lo c o c c i ,  2 0 /1 3 0  g lu c o s e  
o x ld i î s ln g  m lc ro G o c c l an d  26 ( in c 3 ,u d in g  a l l  13  c u l t u r e  
c o l l e c t i o n  s t r a i n s  o f  M ic ro a o co u s  l u t e u s )  o f  48 m ic ro c o c c i  
u n a b le  to  u t i l i s e  g lu c o s e  .A l l  th e  t l o  o tra ln m  o f  Ml^CMoogeus 
roA iS li p ro d u c e d  a  r o s e  r e d  p ig m e n t n o t i c e a b l y  d i f f e r e n t  from  
th e  d eep  reel p ig m e n t o f  (stra in .* . lio .
3 3 9 ) .  B t r a i n  ho* 333s p ro d u c e d
a  b la c k  d i f f u s i b l e  p ig m e n t, i n  a d d i t i o n  to  a  n o n - d l f f u s i b l e  
y e l lo w  p ig m e n t s i m i l a r  to  t h a t  o f  o t h e r  y e llo 'w  p ig m en to d  
m icroC O Gc l  an d  a t a p h y lo c o c c i .  
6TOYd$.-an ..j^aîA oM -.,gQ aafia teaM oB s. ^
S t r a i n s  c o u ld  be d iv id e d  u p  i n t o  g ro u p s  on  t h e  b a s i s  o f
-  120 -
to lex ^an ce  to  v a r io u s  s a l t - o o n c o n t r a t i o n o  (p a g e  3 ^  ) ;
( a )  2#  o f  the  s t r a i a o  grew  o n ly  on 0#  an d  5#  HaCl a g a r  
( n o n -h a lo  t o l e r a n t ) ,  (b )  I d #  o f  th e  s t r a i n s  grew  o n ly  on  s a l t  
a g a r  up  to  a  o o n c e n t r a t io n  o f  ? .5 #  HaGl ( n o n - h a l o t o l e r a n t ) , 
( a )  25# gî'^ow on s a l t  a g a r  u p  to  a  c o n c en t3 ? a tlo n  o f  lG7f? HaCl 
( n o n - to l a  t o i  e r a n t  ) ,  and  (cl) '61# grow on s a l t  a g a r  u p  to  a  
c o n o o a t r a t io î i  o f  15#  HaCl (h a lo  to  1 e r  a n t ) . A l l  406 s t r a i n s
grew  on 076 a n d  5# HaOl a g a r ,  an d  k en o e  no I i a l o p h i l i c  s t r a i n s  
w ere  e n c o u n te r e d .
The r0 s u 3 .ts  o f  g ro w th  o f  s t r a i n s  on T O rio u s  c o n c e n t r a t i o n s  
o f  sodium  c h l o r ld o  i n  a g a r  a r e  sum raarlsod  I n  T a b le  26*
lia b le  2
G row th re sp o n sG  o f  t h e  m ic ro c o c o a l  and s ta io h y X o co cca l s t r a i n ;
Oil /sodium  c h lo rld o .. a g a r
t>ïwÿh'it5>î*t:>i€axi*
■jtgrori
A r b i t r a r y  g ro u p in g  
o f  s t r a i n s
C o a g u la s e +ve
C o a g u la so  -v o  
s t a p t o l o c o c c i  . .#K?Wtfrpo:tr
G lu c o se  0 3 d .d ls in g  
m le ro c o G c i
M lc ro c o c c i  u n a b le  to  
u t i l i s e  g lu c o s e
Ho, o f
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I t  ca n  b e  s e e n  frorii the-- t a b l e  t h a t  1076 sodium  c h l o r i d e  was 
t h e  ‘l i m i t i n g  G o n c o n tr a t lo n  f o r  th e  g ro w th  o f  1 9 /2 1  c o a g u la s e  
p o s i t i v e  s t a p h y lo c o c c i .  M oat o f  th e  co ag u las©  n e g a t iv e
a tv ^ p h y lo co cc i am), th e  g lu c o s e  o x id i s in g  m ic ro e o o o l w ere 
Ixalo t o l é r a n t ,  b u t  no y e l lo w  o r  r e d  p i  (pi on te d  m ic ro  c o c c i, 
u n a b le  to  u t i l i s e  g lu c o s e  grew  on 15# HaOl a g a r ,  an d  th e  4 
■©tralBG a b l e  to  grow on t h i s  medium p ro d u c e d  w h i te  c o l o n ie s .  
C a ta l a n o 'p r o d u c t io n
A lth o u g h  b a o t o r i a l  ta x o n o m is ta  d e f in e  m lo ro c o c e i  and  a ta p h y lo -  
c o c c i  a a  b e in g  c a t a l a s o  p o s i t i v e ,  X. found  3  c a t a l a a e  x io g a tiv o  
e t r a l n a  w hich  s h a re d  p h y s io l o g ic a l  c .h a ra c to r s  w ith  some o f  
th e  c a t a l a a c  p o a i t i v e s t r a i n a ,  and th e ro fo r©  X h a v e  c l a s s i f i e d  
th e s e  w ith , th e  o th e r  403 o a t a l a s e  p o a i t l v o  s t r a i n s  (Scheme 1 ) .
' , The c a t a l a s e  r e a c t i o n  o f  a l l  t h e - 406 s t r r a in e  gnovrlti^; In  
a g a r  i s  com pared w ith  th e  p r e s e n c e  o f  c a t a l a a o  b an d s (b lo o d  
b an d s) d e t e c t e d  i n  ' t h e 'c e l l  c o n te n ta  o f  th e  samo e t r a i n s ,  
w hich  h av e  b een  e lo c .t.ro p h o ro sed . a c r o s s  a c ry la m ld e  g e l s  
(page l i t  ). ■
O x id a se  p r o d u c t io n  .
I  found  t l u t t ,o x id a s e  .p o s i t i v e  s t r a i n s  p ro d u ce d  a  d e e p e r  
c o lo u r  r e v ic t io n  w ith  th e  o x id a s e  r e a g e n t ,  when th e  c u l t u r e s  
h ad  been  in c u b a te d  f o r  10 d ay s  i n s t e a d  o f  4 clays. I t  w ould 
a p p e a r ,  t h e r e f o r e ,  t h a t  a  lo n g  in c u b a t io n  p e r io d  i s  r e q u i r e d  
f o r  th e  maximum p r o d u c t io n  o f. o x ld a é e .  X a l s o  found  t h a t  a  
g r e a t e r  num ber o f  o x id a s e  p o .3 i 'tiv e  r é s u l t a  w ere  r e c o rd e d  from  
s t r a i n s ' grown o n -B lo o d  A gar B ase  Ho*H th a n  o n ^ th e  same medium 
c o n ta in in g  10% 's o d i u m c h l o r i d e p r e e u m a b l y '  t h e  sodium
*î
c h l o r i d e  i n h i b i t s  t h e  ]> ro d u c tio n  o f  th e  o x id a s e  ensy&ie I n  
some © tra in s *  The p ro  e a d u re  t h a t  1 c h o s e ,  t h e r e f o r e ,  f o r  
t h e s e  to © to  f o r  o ic ld ao e  p r o d u c t io n  v/aa to  p l a t e  o u t  th e  
s t r a i n s  on B lood  A g ar B ase H o .2 ,  in c u b a te  f o r  XO d a y s ,  and 
ad d  th e  r e a g e n t  to  th e  c o lo n ie s *  The r e s u l t s  a r o  smnma.r:lsGd 
i n  T a b le  2 ? .
T a b le  a?  ■
O x id a s e  p r o d u c t io n  by t h e  m ic ro c o e c a l  and  s tO T h y lo c o e c a l s t r a i n s
A y ?b itra ry  gx^ouping o f  s t r a i n s N o. o f  . s t r a i n s  
exam ined
O o ag u la so  'fv e  s t a p h y lo c o c c i  21
O o ag u laao  - vo a ta p h y lo e o  c c l,LU'«(LC.»C!#iwR*±3%=kÏT#»*OQ*CTNtf#$A#t»«#k'r#a2!W%}4?a:#K»!gr#3^ \ .■W^rtT
1 3O lu co ao  0 3 s ld is in g  m ic ro c o c c i
M ic ro c o c c i .u n a b le  to  u t i l i s e '  
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As cam b e ,s e e n  from  th e  t a b l e ,  no co ag u las©  p o s i t i v e  
e ta p h y lo c o c c u a ,  an d  v e ry  fev/ coaguX aae n e g a t iv e  s ta p h y lo c o c c i  
and  g lu c o .se  o x i d i s i n g  m ic ro  c o c c i  p ro d u c e d  os-^ldase. The l a r g e s t  
num ber o f  o x id a s e  p ro d u c in g  s t r a i n s  w ere  t h e  m ic ro c o c c i  u n a b le  
to  o x id i a e  g lu c o s e ,  an d  3 0 /3 8  o f  t h e s e  o x id a s e  p o s i t i v e  a t r a i n a  
w ere  e i t h e r  y e l lo w  o r  ro d  p ig m e n te d . T h ese  r e s u l t s  a r e  i n  
a g re e m e n t w ith  th o s e  o f  S t e e l  (19626.) (p a g e  ) ,  oven th o u g h  
h e  d id  n o t  s tu d y  su c h  a  l a r g e  num ber o f  a t r a l n a  a a  I  d id#
S t e e l  (3.962b) fo u n d  t h a t  no ooagu la .so  p o s i t i v e  c o c c u s  %/reduced 
an  o x id a s e  r e a c t io n . ,  an d  s t r a i n s  show ing  o x id a a o  a c t i v i t y
g e n e r a l l y  appoax’ed  to  bo o x id is e r©  r a t h e r  th a n  form  en te r©  
o f  g lu o o s e .
S .# l l m t a ^ ,g ^ o 2 _ ç a s b o ^ ^  .
From th e  r e s u l t s  o f  p r e v io u s  o l a s a i f i c a t i o a  se-hemos, o n ly  a  
few  c a rb o h y d ra to B  a p p e a r  to  be  u s e f u l  i n  th e  c l a s s i f i c a t i o n  
o f  m ic ro c o c o l  and  © ta.phy3.ococol. (p ag e  (),2 ) ,  and  a c c o r d in g ly
I  u se d  o n ly  3  cax% ohyd .ra tes -  g lu c o s e , m a n n i to l  and  l a c t o s e  « 
f o r  o b s e rv in g  o x id a t io n  and  f e r m e n ta t io n  r e a c t io n s ^  and s t a r c h  
i n  a  s o l i d  medium f o r  th e  o b s e r v a t io n  o f  h y d ro 3 ,y s:ls , by th e  
406 a t r a l n e .
T h e re  h a s  b ee n  much c o n t r o v e r s y  i n  r e c e n t  y e a r s  c o n c e rn in g  
th e  s i g n i f i c a n c e  o f  ’’s u g a r ’* r e a c t i o n s  i n  th e  c 3 .a a s i f  1 c a t i o n  o f  
m icroGOCol and  s t a p h y lo c o c c i  (p a g e  3 ^  ) •  F e rm e n ta t io n  o f  
g lu c o s e  h a s  g e n o r q l ly  been  r e c o g n is e d  a s  t h e ' a b l e  c h a r a c t e r  
w h ich  s e p a r a t e s  th e  g en u s  S |S S Z i?S §£S S 3 i; th e  genua
I n  a d d i t i o n  f e m o n t a t l o n  o f  m a n n i to l  i s  a  
c h a r a c t e r  t y p i c a l  o f  c o a g u la s e  p o s i t i v e  s ta p h y lo c o e c l*  B ln ce  . 
f e r m e n ta t io n  o f  g lu c o s e  and m a n n ito l  a r e  Im p o r ta n t  c h a r a c te r o  
I n  t h e  c l a s s i f i c a t i o n  o f  raic5?oGocci an d  s t a p h y lo c o c c i ,  X, f i r s t  
o f  a3.X, h ad  to  f i n d  o u t  ( a )  th e  b e s t  m eans o f  a c h ie v in g  a n a e r -  
O kie  c o n d i t i o n s ,  an d  (b ) th e  m o st s u i t a b l e  m ed ia  f o r  th e  
d e m o n s tr a t io n  o f  a c id  p%^oductlon from g lu c o s e  and  m a n n ito l  
u n d e r  b o th  a e r o b ic  and  a n a e r o b ic  c o n d i t i o n s .
( a )  A n a e ro b ic  c o n d i t i o n s ;
X found  no d i f f e r e n c e  I n  th e  am ount o f  a c i d  p ro d u c e d  by 15
s t r a i n s  g ro w in g  u n d e r  a e r o b ic  and  a n a e r o b ic  o o n c litio n B , i n  
G lu co se  A gar Hedium H o .l  (p a g e  |C>%) and  M a n n ito l  A gar 
Medium H o .l  (p a g e  ( ^ S ) ,  when l i q u i d  p a r a f f i n  w as u s e d  a a  a 
m eane o f  a c h ie v in g  a n a e r o M o a la  (p ag e  When one  s e t
o f  d u p l i c a t e  tu b e s  o f  tl'ie same m e d ia , i n o c u l a t e d  w ith  th e  
same s t r a i n s ,  h o w ev e r, was in c u b a te d  i n  a  M cIn to sh  and  F ild o ©  
a n a e r o b ic  j a r  and  th e  o th e rr s e t  in c u b a te d  u n d e r  a e r o b ic  
c o n d i t i o n s ,  I  fo u n d  t h a t  some o f  th e  s t r a i n s  w hich  p ro d u c ed  
a c i d  u n d e r  a e r o b ic  c o n d i t i o n s ,  i n  b o th  th e  g lu c o s e  and  
m a n n i to l  a g a r  media@ f a i l e d  to  do so I n  t h e  tu b e s  in c u b a te d  
i n  th e  a n a e r o b ic  j a r .  I  was c e r t a i n ,  t h e r e f o r e ,  t h a t  
c u l t u r e s  in c u b a te d  i n  an  a n a e r o b ic  j a r  w ere  In c u b a te d  u n d e r  
com pleto3.y  a n a e r o b ic  c o n d i t i o n s ,  w h ereas  I t  seem ed l i k e l y  
t h a t  th e  l i q u i d  p a r a f f i n  was n o t  t r u l y  e f f e c t i v e  i n  c r e a t i n g  
an  a n a e r o b ic  s e a l  on  th e  a g a r  d e e p s . X c o n s id e r  t h a t  l i q u i d  
p a r a f f i n  h a s  to o  many v a r i a b l e s  f o r  I t s  u s e  a s  an  a n a e r o b ic  
s e a l g e .g .  t h e .m io u n t o f  a i r  t r a p p e d  a t  th e  I n t e r f a c e  o f  th e  
p a r a f f i n  and  th e  m e d ia , th e  d 'e p th  o f  p a r a f f i n  c o v e r ,  an d  th e  
p o s s i b i l i t y  o f  c o n ta m in a t io n  o f  th e  m ed ia  by a i r b o r n e  b a c t e r i a  
d u r in g  l a y e r i n g .  M ost ta x o n o m is ts ,  h o w ev er, s t i l l  u s e  l i q u i d  
p a r a f f i n  a s  a  m eans o f  a c h ie v in g  a n a e ro b ic s i©  f o r  ex am in in g  
th e  f e r m e n ta t iv e  a b i l i t y  o f  b a c t e r i a .
(b )  M ed ia;
The s e l e c t i o n  o f  th e  m o st s u i t a b l e  m ed ia  foT th e  d e m o n s tr a t io n  
o f  a c id  p r o d u c t io n 3 u n d e r  b o th  a e r o b ic  and  a n a e r o b ic
-  1 2 5  -
c o n d i t i o n s , w as a  m ore c i i f f i o u l t  iproblom to  s o lv e .  F i r s t  o f  
a l l , ,  t h e r e  was t h e  d i f f i c u l t y  i n  d e c id in g  w h e th e r  to  ubo a g a r  , 
o r  b r o th  media*. The m a jo r i t y  o f  th e  406 © t r a in s  e i t h e r  
p ro d u c e d  l a r g o  (m o u n ts  o f  a c i d , ' o r  a p p a r e n t ly  none a t  a l l ,  i n  
b o th  t h e  a g a r  m e d ia  (G lu c o se  and  M a n n ito l A gar M edia M o .I ) ,  and  
th e  b r o th  m ed ia  (G lu c o se  and  M a n n ito l B ro th  M edia M o.1 ) (p ag e  , 
rmû t h e  r e c o r d in g  o f  th e s e  r e s u l t s  was s t r a i g h t  fo rv m rd . T h e re  
w e re , h o w ev e r, some s t r a i n s ,  w hich  soemed to  p ro d u c e  v e ry  l i t t l e  
a c id  e i t h e r  a e r o b i c a l l y  o r  a n a e r o b i c a l l y ,  s in c e  t h e r e  was no 
c l e a r  c o lo u r  ch an g e  i n  .th e  pH i n d i c a t o r .  O c c a a io n a l ly ,  b ro th  
m ed ia  w ere  tu r n e d  from  a  p u r p le  c o lo u r  to  a  p u r p le  brown c o lo u r ,  
and  I t  vmB so m etim es n o t  e a sy  to  t e l l  w h e th e r  an y  a c id  had  b een  
p ro d u c e d  o r  n o t*  A gar .media w ore e i t h e r  ch an g ed  to  th o  saiae 
p u r p le  brown c o lo u r  o r  show ed a  d i s t i n c t  n a rro w  mme o f  y e llo v /. 
a t  th e  to p  o f  t h e  tu b e s  o v e r  a  b ro a d  p u r p le  ?^ono a t  th e  b o tto m ; 
t h i s  l a t t e r  a p p e a ra n c e  onl^^ o c c u r r e d  i n  a  few  s t r a i n s  w.hen th e y  
w ore in c u b a te d  u n d e r  a e r o b ic  c o n d i t i o n s ,  b u t  i t  was o b v io u s  
t h a t  a t  l e a s t  a  l i t t l e  a e l d  had  been  p ro d u c e d  by th e s e  s t r o i B s  
and  f o r  th i* s r e a s o n  a g a r  m ed ia  was p r e f e r r e d  to  th e  b r o th  m ed ia  
f o r  d e m o n s tr a t in g  a c i d  p r o d u c t io n .
The lo n g th  o f  th e  in c u b a t io n  p e r io d ,  h o w ev er, i a  . im p o r ta n t  
I f  th o s e  s t r a i n s  p ro d u c in g  l i t t l e  a c id  a r e  to  bo r e c o rd e d  a s  
w ealily  p o s i t i v e  and  n o t a s  n e g a t iv e ,  s in c e  3: h a v e  o b s e rv e d  alow  
b u t  c o n t in u o u s  pH ch a n g ea  I n  I n o c u la te d  G lu co se  A gar Medium M o .l ,  
in c u b a te d  f o r  a p e r io d  o f  Z m o n th s . I  n o t i c e d  t h a t  5 s t r a i n s
g ro w in g  a o r o M c a l ly  i n  g llucoso  a g a r  deope p ro d u c e d  a  n a rro w  
Bo.no o f  y e l lo w  a t  t h e  t o p . o f  th e  a g a r  a f t e r  a  few d a y s , and 
t h i s  c o lo u r  g r a d u a l ly  s p re a d  th ro u g h o u t th e  w h o le" 'o f t h e  : 
m edium , t a k in g  a b o u t  14 d ay s  to  do s o .  . A f t e r  28 days* 
i n o u b a t l o a ,  th e  y e l lo w  c o lo u r  had d im in is h e d  to  a  b ro a d  Bone 
a t  th e  b o tto m  o f  th e  tu b e s ;  a f t e r  49 daya^ in c u b a t io n  a l l  t h e  
medium I n  t h e  tu b e s  h ad  r e v e r t e d  back  to  t h e  o r i lg ln a l  p u r p le  
c o l o u r ,  a n d , u n l e s s  the tu b e s  had  been  exam ined  r e g u l a r l y , 
t h e s e  3 é t r a l n s  w ould h av e  b een  r e g a rd e d  a s  h a v in g  no e f f e c t  
on t h e . c a rb o h y d ra te *  The m cchan laii o f  th e  r e a c t i o n  was n o t  
i n v e s t i g a t e d ,  b u t i t  seem ed t h a t  a f t e r  some a c id  had  b een  
p ro d u c e d  from  th o  c a r b o h y d r a te ,  ammonia o r  o t h e r  a l k a l i n e  
m e ta b o l ic  p r o d u c ts  r a i s e d  th e  pH back  to  n e u t r a l  o r  ab o v e . A 
few o th e r  s t r a i n s  w ere v e ry  slow  i n  p rp d u o lB g  a c id ,-  e i t h e r  
a e r o b i c a l l y  o r  a n a e r o b i c a l l y , from g lu c o s e  an d  mamvitoX a g a r  
m e d ia , an d  w h e re a s  a  tu b e  o f  in o o iV la ted , moclium c o u ld  be 
n e g a t iv e  a f t e r  I 4 d a y s ’ I n c u b a t io n ,  i t  m ig h t be  w eak ly  
p o a l t i v e  a t  21 days* in c u b a t i o n .  ' T h e ro fo ro g  i t  :Lb im p o r ta n t  
t h a t  i n o c u l a t e d  m ed ia  s h o u ld  bo in c u b a te d  f o r  a t  l e a e t  a  
m onth and  lo o k e d  a t  r e g u l a r l y  d u r in g  t h a t  t im e .
W h ile  t h e s e  e x p e r im e n ts  w ere  b e in g  c a r r i o d  o u t ,  t h e  Sub- 
com B ilttoe OB Taxonomy o f  'S ta p h y lo c o c c i  an d  M icro c o c c i  (1S)69?) 
p ro p o s e d  (llu o o ao  A gar Medium H o .3 (p a g o .lo X  ) a s  th e  s ta n d a r d  
medium f o r  t h e  d e m o n s tr a t io n  o f  fo m e n ta t:! ,o n  o f  g lu c o s e  by 
s ta p l iy lo o o c o i ,  and  the 'S u M o a m itte e  recom m ended t h a t  t h i s
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Bodium sliüivld be ubqû fo r  th e  o e p a ra tlo m  o f  th e  g e n e ra  
0 tap .h y lo co cci^e  and  M icro  coo c u e . A c c o rd in g ly  « I  n a e d  t h i a  
B o d lœ  i n  b o th  t h e  a g a r  and  b ro th  form a fore t h e  clem onatra- 
tiOB o f  a c id  p r o d u c t io n  from  g ltico a o  (G ln co ao  A gar and  
B,7?oth M edia Mo.2# page  (0% ) # I  a u b a t i tu to c l  a a n n i t o l  f o r  
g lu c o s e  i l l  th e  sarae b a s a l  mocliiim» and Ï  u se d  M a m iito l A gar 
and  B ro th  M edia Mo*2 (p a g e  lo 3  ) f e r  th e  d e m o n s tr a t io n  o f  
a c id  p r o d u c t io n  f.rom m a n n l to l . I  com pared  th e  r o m u lts  
o b ta in e d  from  th e  nevi m ed ia  v /lth  th o s e  o f  o t h e r  m e d ia .
OlucoBO f e r m e n ta t io n  an d  o :d .d a t io n
I  com pared th e  a c t i v i t y  o f  93 s t r a i n s  i n o c u l a t e d  i n t o  b o th  
G lu co se  A gar Medium M o .l and  G lu co se  A gar Medium Mo. 2 ; and  
a  g r e a t e r  num ber o f  g lu c o a e  fe rm e n tin g  s t r a i n s  w ere  d e t e c t e d  
i n  th e  l a t t e r  m ed iim . G lu c o se  Agary. Medium M o .l : 82  s t r a i n s  
fe rm e n te d  g lu c o s e ,  7 e t r a i n a  o x id is e d  g lu c o s e  an d  1 s t r a i n  
d id  n o t  a t t a c h  g ltio o a a  a t  a l l  ; f i n a l l y  5 s t r a i n s  gave  
r e a c t i o n s  Im p o s a ib io  t o  i n t e r p r e t .
G lu co se  A gar Medium Mo*2 ? 82 s t r a i n s  fo rm o n ted  g lu c o s e ,  6 
s t r a i n s  o id .d ia o d  g lu c o s e  and 1 s t r a i n  d id  n o t  a t t a c k  g lu c o a o  
a t  a ] . l # T h e r e f o r e ,  t h e  medium I  a d o p te d  f o r  t h e  
demo n e t r a t  icui o f  a c id  p r o d u c t io n  from g lu c o s e  u n d e r  b o th  
a e r o b ic  an d  a n a e r o b ic  c o n d i t io n s  f o r  a l l  1 * 0 6  a t r a i n s  v j o . b  
G lu co se  A gar Medium B o .2 , C u l tu r e s  w ere  ezam lnod  a t  w eek ly  
i n t e r v a l s  f o r  2o d a y s . I f  any t r a n s i e n t  i^ones o f  y e llo w  
a p p e a re d  i n  th e  a g a r  medium d u r in g  th e  .in c u b a tio n g t^ o r io d ,
128 ■
t h e  a t r a i n  a g iv in g  oucli a  r e a c t i o n  w ere c o n s id e r e d  to  be 
w oafây  p o s i t i v e .
In my examination of the 406 strains for glucose ferment-» 
atlon and oztdation in Glucose Agar Medium Bo.2, I found that 
228 (gy#) strains feraentod glucose,,1^0 (31a0 strains could 
not foment but oxidised glucose, and 48 (12%) were unable to 
u tilise  glucose at all*. All the 21 strains of coagulase 
positive staphylococci were glucose, fermentera*
■Mannit.û l  f e i ^ n t a t i o n  and  o x id a t io n
Mannitoi fermentation: When 100 strains were examined for
fermentation of raannitol in Mannitol Agar Medium Bo*l (page 
\q3 ) and Mannltol Agm? MecbUim Bo*2 (page \0% ) , 1? strains 
wore recorded,as mannitol fermentera with both media.
H a n n i to l  o : i ld a t io n :  : T a b le  28 shov/s th e  c o m p a ra tiv e  r e s u l t©  
f o r  a c id  p r o d u c t io n  i n  f o u r  m a n n ito l  m ed ia  u n d e r  a e r o b ic  
c o n d i t i o n s  by 7 g o a g u la s e  n e g a t iv o  m ic ro e o c c i  and  s ta p h y lo c o c c i  
a f t e r  o n e  m o n th ’ s  I n c u b a t io n  a t  30^0* .
T a b le  ,2,8
M a m ii to l , ox i d a t i o n  ^ re s u l ts  o f  7 s t r a i n s  o f  m ic ro c o o c l  and  
# # b y l o c p c e l  o n ^ .m a n n i t o l  m ed ia
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B s ta w h y lü c o c c u a :^ - 'ablO' to  fe rm o n t gXucoBO l a  G lu co se  A gar
Medium He*H.
H c: Mlcx’o c o c c u s :* * 'u n a b le  to  form  exit g li ic o a e  I n  G lu co se  Agaj?«*W*A*\L,!yÇ5*=J»MvtVS?16;tSiT^ Vt^
Medium B o .2*
-  s t r o n g  p r o d u c t io n  o f  a c id  ^  weak px^oductlon  o f  a c id
-* -  no x> roduction  o f  d e t e c t a b l e  a c i d .
The com plex  n a t u r e  o f  th e  r é s u l t a  o f  e t r a l n a  133  and  139 on
\
M a m rito l B a l t  A gar a r e  d i f f i c u l t  to  e x p l a i n , and  th e s e  r e s u l t s  
m e re ly  r e f l e c t  th e  re e a c tio n e  o f  many m e ta b o l ic  p a th w ay s  a c t i v e  
on  th e  conB tltnon ts  o f  t h i s  medium (p a g e  %  ) :  i t  was
assum ed  t h a t  ev en  i f  a  t r a n s i e n t  p o s i t i v e  r e a c t i o n ,  a s  f a r  a s  
a c id  p r o d u c t io n  was c o n c e rn e d , to o k  p l a c e ,  thexi th e  a tx^ain s 
w ould s t i l l  be r e c o r d e d  a s  a  m a n n ito l  o x l d i s e r .  O nly  l\.
(3  m ic ro  c o c c i  an d  1 s ta p h y lo c o c c u a )  o f  th e  7 s t r a i n s  p ro d u ced  
a c id  i n  a l l  k m e d ia , t h e  reemainlxxg s t r a i n s  b e in g  p o a i t i v o  o n ly  
i n  same o f  t h e  m e d ia . A lth o u g h  th e s e  m ed ia  a r e  coEnplex and  
s h o u ld  a l lo w  any  s t r a i : a  c a p a b le  o f  u t i l i s i n g  mixgavB to  prodt^ce 
a d d ,  th o s e  r e s u l t s  r e f l e c t  s l i g h t  b u t  s i g n i f i c a n t  o o a s t l tu e n t  
d i f f e r e n c e s ,  a© f a r  a s  th e  am ount o f  a c id  px'oducecl r o q u i r o d  to  
ch an g e  th e  c o lo u r s  o f  th e  iM i n d i c a t o r  i s  concm rned . M a m ilto l 
B a l t  A gar d i f f e r s  from th e  o th e r  m ed ia  i n  m ost o f  i t s  
c o n s t i t u e n t s  (p a g e ^ %  ) ,  b u t  th e  o n ly  d i f f e r e n c e s  b etw een  
M a n n ito l Aga,r Medium H o .l  an d  M a n n ito l Agas^ Medium H o*2 a r e  
t h a t  th e  form eir medium in c lu d e s  3 s a l t s  among I t s  c o n s t i t u e n t s  
and  th e  l a t t e r  medium c o n t a in s  t r y p to n e  (%)agos , I t
i s  i n t e r e s t i n g  to  n o te  t h a t  th e  o n ly  d i f fo r e n c c ;  botv/cen M a n n ito l
X3Q
A gar Medium Bo * 2 -and  M annlt o i  Broth Medium H o ,2 i s  t h a t  th e
fo rm e r  c o n t a in s  a g a r  and  th e  ] . a t t e r  d o es  n o t  (p ag e  l o 3  ) ,
y e t  two s t r a l x i s  w ere re o o rd o d  a s  w eak ly  p o s i t i v e  (A os. 65 and
153) i n  th e  A gar and  x ie g a tiv e  i n  t h e  B ro th ,
IFaing a  l a r g e r  num ber o f  s t i c a in s ,  X com pared  th e  r e s u l t  a 
o f  a c id  ip roductiox i from m a n n ito l  u n d e r  a e r o b ic  o o n c li t io n e  i n  
b o th  M a n n ito l S a l t  A gar and  M am nlto l A gar Me d im : Ho. 2* T h e re  
was a  9 1^% (328%349 s t r a i n s )  c o r r e l a t i o n  b e tw een  th e  r é s u l t a  
i n  th e  2 m e d ia ; t h e  r e m a in in g  6% o f  th e  a t r a i n a  gave th e  
fo l lo w in g  r é s u l t a : ( a )  2% d id  n o t  g.row on th e  M annito3- B a l t  
A g a r , b e c a u s e  o f  i t s  7*5# sodium  c h l o r id e  c o n c e n t r a t i o n ,
(b )  5% p ro d u c e d  a c i d  i n  M a n n ito l A gar Medium H o .2 b u t  n o t  
l a  M a n n ito l  B a l t  A g a r , and  ( e )  1% p ro d u c e d  a c i d  i n  M a n n ito l 
S a l t  A gar b u t  n o t  i n  M a n n ito l  A gar Medium H o .2 .
I n  t h e s e  e x p e r t e  ex its  I  h av e  - shown t h a t  m ore a t r a i n s  
p ro d u c e  a c id  from  m a m iito l  u n d e r  a e r o b ic  c o n c l i t id n a  when 
th e y  a r e  grown i n  M a n n ito l A gar Medium H o .2 th a n  i n  any  o t h e r  
o f  t h e  m ed ia  t e s te d *
I n  su u m a ris ix ig  th e  r e s u l t s  o f  th e  e x p e r im e n ts  w ith  th e  
m axiB lto l m e d ia , I  found  t h a t  ( a )  e t r a i n e  fe rm e n te d  m a n n ito l  
i d e n t i c a l l y  i n  b o th  M a n n ito l A gar M edia N o s. 1 and  2*
(b )  M a n n ito l  A gar Medium H o .2 was th e  b e s t  o f  al3. t h e  m ann ito ]. 
m ed ia  exam teod  f o r  d e t e c t i n g  B ia tm ito l o x i d i s i n g  s t r a i n s *  
C o n s e q u e n t ly , th e  medium o f  c h o ic e  f o r  th e  d e t e c t i o n  o f  
f e r m e n ta t io n  and  o 3^ 1 d a t io n  by s t r a i n s  o f  m ic ro  c o c c i  and
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a ta p h y lo c o c c i  was MaranitoX A gar Modlum H o .2 .
OuXturoB \wvo exam ined  a t  w eek ly  I s i t e r v a l s  f o r  28 d a y s .
I f  any  t r a n s i e n t  o f  y e l lo w  a p p e a re d  I n  th e  a g a r  medium
duxfing th e  in c u b a t io n  p e r i o d ,  the; © t r a in s  g iv ix ig  su c h  a  
r e a c t i o n  w ere  c o n s id e r e d  to  be w eak ly  p o s i t i v e .
I n  my o sca ra iaa tio n  o f  tiiQ> 406 s t r a in ©  f o r  m a n n ito l  
'f e r m e n ta t io n  and  o x id a t io n  i n  M a n a ito l  Agax" Medium H o .2 ,  I  
found  t h a t  21. s t r a i n s  (8% ), in c lu d in g  l g / 2 1  c o a g a la s e  p o s i t i v e  
s t a p h y l o c o c c i ,  f o m e n te d  m a n n i to l ,  126 s t r a i n s  (31%) d id  n o t  
fe rm e n t b u t  o x id i s e d  m a n n i to l ,  and  I 49 s t r a i n s  (61%) w ere  
u n a b le  to  u t l l i e e  m a n n i to l  a t  a l l .
i î î
I  c o n s id e r e d  i t  was Im p e r  taxi t  to  f in d  o u t  w h e th e r  sorae s t r a i n s  
i g h t  d i e  o f f  d u r in g  th e  28 day in c u b a t io n  p e r io d  i n  th e s e  
m edial, b e f o r e  p ro d u c in g  any  v i s i b l e  c o lo u r  ch an g e  i n  t h e  pH 
i n d i c a t o r ,  a n d , t h e r e f o r e ,  g iv e  r i s o  to  n e g a t iv e  r e a c t i o n s ,  
ow ing  to  th e  d e a th  o f  t h e  c e l l s ,  r a t h e r  th a n  th e  s t r a i n s ’ 
i n a b i l i t y  to  p ro d u c e  th e  a p p r o p r i a t e  en sy m es. A c c o rd in g ly ,  
l o o p f u l s  o f  28 day o ld  a e r o b ic  an d  a n a e r o b ic  c u l t u r e s  o f  a  
v a r i e t y  o f  s t r a i n s  I n  G lu co se  and M a n n ito l A gar M edia H o .2 
w ere  p l a t e d  o u t  on  to  B lood  A gar Baao H o .2 ,  an d  th e  p l a t e s  
in c u b a te d  a e r o b i c a l l y  a t  30^ G. M oat s t r a i n s ,  w h ich  p ro d u c e
a c i d  to  g iv e  a  r a p i d l y  fo rm ed  y e l lo w  c o lo u r  th ro u g h o u t th e  
l e n g t h  o f  th e  tu b e ,  d i e  o f f  ow ing to  th e  d e t r im e n ta l  e f f e c t
o f  th e  low  pH; a t r a l n o  w hich  do n o t  produce* a c i d ,  o r  do so 
V0.U5? vvoakl^y, re m a in  v i a b l e  i n  G lu c o se  A gar Medium B o.E  u n d e r  
a e r o b ic  and  a n a e r o b ic  c o n d i t i o n s , and a l s o  i n  M a n n ito l A gar 
Medium H o .2 u n d e r  a e r o b ic  c o n d i t io n s -  O nly  when s t r a i n s  
w ere  I n c u b a te d  I n  M a n n ito l A gar Medium B o .2 a a a e ro b lc a lX y  and 
d id  n o t  fe rm e n t t h e  s u g a r ,  w ore raany o f  them  u n a b le  to  s u r v iv e  
th e  go day in c u b a t i o n  p e r io d ;  th e  p r e s e n c e  o f  m a n n ito l  u n d e r  
an a e iro b io  c o n d i t io n s  m u st be i n h i b i t o r y  I n  some way to  a t  
l e a s t  some o f  ' t h e  s t r a i n s . .  I t  " l a  i n t e r e s t i n g  to  n o te  t h a t  
I  found  t h a t  s t r a i n s  e i t h e r  fe rm e n te d  m a n n ito l  v rlth  a  r a p id  
o o lo iir  ch a n g e  i n  t h e  m edium , o r  d id  n o t  fo rm e n t th e  s u g a r  a t  
a l l  w ith  Î10 c o lo u r  ch an g e  t h e r e  w ere no w eak ly  p o s i t i v e  
s t r a i n s :  t h i s  may be a c c o u n te d  f o r  by th e  f a c t  t h a t  s t r a i n s
can  s u r v iv e  i n  m a n n ito  1**c o n ta in in g  m ed ia  u n d e r  a n a e ro b ic  
c o n d i t io n s  f o r  a  I t e i t e d  -p e r io d ' o f  t im e , an d  t h e r e  l a  no 
o p p o r tu n i ty  f o r  s lo w ly  fer^nom tlng s t r a i n s  to  m e ta b o l i s e  
enough sugar* to  g iv e  w eak ly  p o s i t i v e - r e a c t i o n s .  I t  w ould 
seem , t h e r o f o r e ,  t h a t  n e g a t iv e  r e a c t i o n s  a r e  r e c o r d e d  f o r  
g lu c o s e  f e r m e n ta t io n  and  o x id a t i o n ,  and  m a n n ito l  o x id a t io n ,  
when s t r a i n s  grow I n  th o  s u g a r  m ed ia , b u t  f a l l  to  produce? any  
v i s i b l e  a iao irn ts o f  a c id ;  an d  n e g a t iv e  r e a c t i o n s  a r e  r e c o rd e d  
f o r  m a n n ito l  f e m ie n ta t io n  i n  M a n n ito l A gar Medium î'ia .2  when - 
s t r a i n s  grow  b u t  f a i l  to  p ro d u c e  any a c i d ,  o r  when s t r a i n s  a r e  
u n a b le  to  grow.. Tho f a c t  t h a t  n e g a t iv e  r e a c t i o n s  i n  s u g a r  
m ed ia  can  be  due to  2 r e a s o n s ,  s u p p o r ts  th e  a rg u m e n t t h a t
\\ /#
f e r m e n ta t io n  an d  o x id a t io n  o f  s u g a r s  sh o u ld  n o t  be u se d  a e  
m ain  c l i a m c to r s  i n  a c l a s s i f i c a t i o n  schem e o f  m ic ro c o c c i  and. 
s t a p h y lo c o c c i  (p ag e  4 ^  )*
ComMned r e s u l t s  o f  g liio o ee  and m a n n ito l  u t i l i s a t i o n
VS2##5>4*5ïr,«te=TTÇr?l^tUlïSaRatii:tl^XS,s*Jr>llr''s«<V:»rf*>Vt»rtrfc-ï-iTs^ji^-U*»rf
Of th e  406 s t r a i n s ,  33- (8%) fe rm e n te d  b o th  g lu c o s e  and  
m a n n i to l ,  43  (3-1%) fe rm e n te d  g lu c o s e  and  o x id i s e d  m a n n i to l , , 
154 {38%) fe rm e n te d  g lu c o s e  b u t  w ere u n a b le  t o  u t i l i s e  
m a m iito l  a t  a'lX^ 8 5  (20%) o x id i s e d  b o th  g lu c o s e  and m a n n i to l , 
47 (11%) o x id i s e d  g l u c o s e , b u t  w ere u n a b le  t o  u t i l i s e  mannrltoX 
a t  a l l  $ and  48 (3*2%) w ere  u n a b le  to  u t i l i s e  g3*ucose o r  
m a n n ito l  a t  a l l .  '
I t  was found  t h a t  I n v a r i a b l y  i f  s t r a i n s  fe rm e n te d  m a n n ito l  
th e y  w ere  a b l e  to  f e r m e n t -g lu c o se  and  o x i d i s e  b o th  g lu c o s e  an d  
m a n n i to l ,  i f  s t r a i n s  fe rm e n te d  o n ly  g lu c o s e ,  th e y  w ere  a b l e  to  
o x id i s e  g lu c o s e ,  and  i f  s t r a i n s  o x id i s e d  m a n n ito l  th e y  vzere 
a b l e  to  o x i d i s e  g lu c o s e .  T h ese  o b s e r v a t io n s  I n d i c a t e  t h a t  
g lu c o s e  I s  m e ta b o l is e d  a lo n g  p a r t  o f  th e  m a n n i to l  m e ta b o l ic  
p a th w a y , b u t  f ia r th o r  w ork l a  r e q u i r e d  to  e l u c i d a t e  th o  
c o m p le te  r e l a t i o n s h i p  b e tw een  th e  m a n n ito l  an d  th e  g l u c o s e , 
m e ta b o l ic  pathv/ays*
L a c to s e  u t i l i s a t i o n  and  th e  0HP0 t e a t
A l l  4 0 6 , s t r a i n s  w ere exam ined  f o r  a c id  p r o d u c t io n  from  l a c t o s e  
| b  p e p to n e  w a te r  u n d e r  a e r o b ic  c o n d i t l o n a , (p a g e  lo ^  ) ;  281 
s t r a i n s  ( i n c lu d i n g  a l l  21 c o a g u la s e  p o s i t i v e  a ta p h y lo c o c c i )
p ro d u c e d  a c i d  from  l a c t o s e  w i th in  2 d a y s , 6 a t r a l n c  p ro d u c e d  
a c i d  from  * ia c tb se  o n ly  . a f t e r  iO*^X4 days^, and  1*19 s t r a i n s  d id  
n o t  p ro d u c e  an y  a c i d  from, l a c t o s e  oven a f t e r  14 d a y s ’ 
i n c u b a t i o n .  I t  w as th o u g h t  t h a t  th c a e  l a t e  l a c t o s e  
u t i l i s e r a  m ig h t l a c k  a  p e rm ease  sy stem  o r  h a v e  a  weak o n e , 
s i n c e  I t  h a s  b een  shown t h a t  B ta p h y lo c o c c u a  a u r e u s  u t i l i s e s  
l a c t o s e  i n  two a ta g o a .  I n v o lv in g  a  p e rm e a se  anck a  p -g a la c to * *  
s id a a o  (page AOS ) * -
I  grew  10 l a c t o s e  u t i l i s i n g  s t r a i n s  ( I n c lu d in g  th e  l a t e  
l a c t o s e  u t iX l£ d n g  s t r a i n s )  i n  OMPO .medium and  a l l  10 s t r a i n s  
w ere  fo u n d  to  p ro d u c e  th e  y e l lo w  oo3.our. o f  o - n i t r o p h e n o l  *
From t h e s e  r e s u l t s ,  I  a ssu m ed t h a t  s t r a i n s  .p ro d u c in g  a c id  
from  l a c t o s e  w ould  a l s o  p ro d u c e  o«n itrophonp3»  from  OICPGI, and  
I  d id  n o t  exam ine an y  o th e r , s t r a i n s  p ro d u o in g  a c id ' from  
l a c t o s e  by t.ho OlPG t e s t #  - A l l  119 s t r a i n s  f e i l i .u g  to  
p ro d u c e  a c i d  from  l a c t o s e ,  h o w ev er, w ore grow n i n  OHP0 
m edium , and 30 o f  th e s e ,  s t r a i n s  h y d ro ly s e d  thoOHPG* The 
r e s u l t s ,  o f  t h e  h y d r o l y s i s  o f  l a c t o s e  an d  OHFG by t h e  s t r a in ©  
a r e  su m m arised  i n  T a b le  2 9 . I t  can  bo seen ' from  t h i s  t a b l e  
t h a t  on ly - I n  th e  c o a g u la s e . p o s i t i v e  a ta p l\y .lo c o c c u s  g ro u p  a r e  
a l l  t h e  s t r a i n s  c a p a b le  o f  p ro d u c in g  a c id  from  l a c t o s e ,  an d  
ea ch  o f  t h e  o t h e r  g ro u p s  ** c o a g u la s e  n e g a t iv e  s t a p h y l o c o c c i , 
g lu c o s e  o x i d i s i n g  m io ro c o c C i, an d  m ic ro c o .c c l u n a b le  to  u t i l i s e  
g lu c o s e  ^  c o n t a in s  s t r a i n s  c a p a b le . '.of p ro d u c in g  o - .n i t ro p h o n o l  
from  OHPOi, b u t  in c a p a b le  o f  p ro d u c in g  a c id  from  l a c  to  s o .
-  133 -
T hose r e s u l t s  p ro b a b ly  I n d i c a t e  t h a t  th e  l a t t e r  s t r a i n s , 
w hich  h y d r o ly s e  a  p -g a la o to p y ra n o s :U le , b u t  n o t  l a c t o s e ,  l a c k  
a  p e rm e ase  s y s te m , 'a n d  i t  w ould a p p e a r  t h a t  t h e  m lc ro c o c o l  and  
a ta p h y lo c o o c i  w hich  u t l l i a o  l a c t o s e  do* so  I n  B s t a g e s ,  one 
s t a g e  ;lnvo3.ving a  p e rm e a se , an d  th o  o th e r  s t a g e  in v o lv in g  a  
p « g a ia o to a ld a s é * .  The c o n c lu s io n  o f  McGlatchy & H osenblum  
(3-96:5) » who show ed t h a t  3 taphyX oc o e c u s  a u ro u a  u t i l i s e s  l a c t o s e  
i n  th e  same 2 s t a g e s ,  t h e r e f o r e ,  h a s  b een  .e x te n d e d  by my 
r e s u l t s ' t o  in c ln .d e  a l l  m lc i 'o c o c c i and s ta p h y lo c o c c i*
From a -tax o u o B ric  p o in t  o f  v ie w , th e  r e s u l t s  o f  l a c t o s e  mid 
OHP0 h y d r o l y s i s  do n o t  c o r r e l a t e  .pa% *ticu larly  w e l l  w ith  o th e r  
c h a r a c t e r s ,  a l th o u g h ,  i n  g e n e r a l  te rm s ,  th o  a b i l i t y  o f  a  
s t r a i n  to  p ro d u c e  a c id  frora l a c t o s e  i s  p r o p o r t i o n a l  to  th e  
a t r a l a ^  a b i l i t y  t o  f e rm e n t .m a m ii to l  an d  g lu c o se *
I t  i s  I n t e r e s t i n g  to  n o to  t h a t  4 s t r a i n s  u n a b le  to  u t i l i s e  
th o  moBoaacch.aï*iele g lu c o s e  s h o u ld  be a b l e  to  u t i l i s e  th e  
d l s a c c h a r id e  l a c to s e *  T h is  o b a o r v a t io n  i s  commented f u r t h e r  
on p ag e  (6
-  136 *
T a b le  29iI A&I I A,’«
The ae$rab le  b reakdow n o f  l a c t o s e  and  OHPG by  t h e  m ic ro o o c c a l
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•{' ss p o s i t i v e  r e a c t i o n  
S ta r c h  h y d r o l y s i s
-  n e g a t iv e  r e a c t i o n
A l l  406 s t r a i n s  w ore exam ined  f o r  t h e i r  a b i l i t y  to  h y d r o ly s e  
s t a r c h  i n  s t a r c h  a g a r .  O nly  46 s t r a i n s  h y d r o ly s e d ‘s t a r c h  
1 1 /2 2 8  (3%) g3.uaoso f e rm e n t in g  a ta p h y lo c o c c i  ( i n c lu d i n g  2 
coagnX aeo p o s i t i v e  s t r a i n s ) , 3 /1 3 0  (2%) g lu c o s e  o x i d i s i n g  
m ic r o c o c c i ,  an d  3 3 /4 8  (6S%) m lc ro c o c c i  u n a b le  t o  u t i l i s e  
g lu c o s e .  Tho g ro u p  c o n t a i n i n g . th e  l a r g e s t  num ber o f  s t r a i n s  
c a p a b le  o f  h y d r o ly s in g  s t a r c h  i n  a g a r  a l s o  c o n t a in s  t h e  m o st 
b io  c h e m ic a l ly  i n a c t i v e  o f  t h e  m ic ro 00c c l ,  e . g .  s t r a i n s  o f  
M ic ro c o c c u s  l u t e n s  a n d  M* r o e e u s  an d  i t  I s  i n t e r e s t i n g  to  n o te  
t h a t  t h e s e  s t r a i n s ,  vhiioh h y d r o ly s e  s t a r c h  p re su m a b ly  e v e n tu a l ly  
to  g lu c o s e ,  c o u ld  -not p ro d u c e  a c i d  from g lu c o s e  i n  th o  com plex  
l lu e o a e  A gar Medium H o .2 ; t h i s  i s  d i s c u s s e d  f u - r th e r  on
-  13? -
Qi-ovrfch In  g lu co se  ammonium phosphate modlum
Of tho  406 s t r a i n s  to © to d  i n  g lu c o s e  aœ o n iu m  p h o s p h a te  
mocliuvf^ o n ly  16 ( 4%) s t r a i n s  s u r v iv e d  6 se r lsL l t r a n s f e r s  
th ro u g h  th e  a g a r  m edium ; a  f u r t h e r  6 s t r a i n s  grow on  th e  a g a r  
a f t e r  5  s e r i a l  t r a n s f e r s , - b u t  f a i l e d  to  groiv on th e  f o u r t h ,  
and  I  eo B S id o red  th e s e  6 a t r a i n s  to  be  vmakX^  ^ p r o t o t r o p h i c .
A l l  22 a t r a l n a  w are  m ic ro  c o c c i  and  I g  o f  th e  16  s t r o n g  p r o to -  
t r o p h s  w ere  y e l lo w  p ig m e n te d  m ic ro c o c c i  u n a b le  to , u t i l i s e  
g lu c o se *  X found  a  much lo w e r  p e r c e n ta g e  o f  Gram p o E l t i v e ,  
c a t a l a a e  p o s i t i v e  c o c c i  to  bo p r o t o t r o p h i c  I n  comx)ar:lson w ith  
th e  f i n d in g s  o f  o t h e r  ta x o n o m la ta  (p a g o -S 6 ) ,  T h i s . l o  
p ro b a b ly  b e c a u s e  t  u se d  6 s o r i a l  t r a n s f e r s  th ro u g h  g lu c o s e  
aïHmonium p h o s p h a te  medium to  e n s u re  t h a t  t h e r e  was no c a r r y  
o v e r  o f  n u t r i e u t B ,  w h erea#  no o th e r  t a x o n o m is t .u se d  a  t r a n s f e r  
te c h n lo u o ,  b u t  ju d g e d  p r o to t r o p h  a c t i v i t y  on  th e  5:*DsuXt o f  one 
in o c u la t io n . ,  an d  u n d o u b te d ly ' some o f  t l i o i r  .**protdtropha'^ grew  
on th e  n u t r io n ta -  c a r r i e d  o v e r  w ith  th e  in o c u lu m .
A lth o u g h  I  u s e d  t h e  c h a r a c t e r  o f  g ro w th  i n  g lu c o s e  mnmonixwi 
p h o s p h a te  medium a s  a  s o l e  i n d i c a t o r  o f  x ^ ro to tro p h  a c t i v i t y ,  
a c c o r d in g  to  M ucker (1924a , b ) ,  a c id  p r o d u c t io n 'w i t h  a  change 
o f  c o lo u r  s h o u ld  a l s o  occU r w ith  g ro w th , s i n c e  piXucoso i s  th e  
o n ly  s o u rc e  o f  e n e rg y  th e  orgarniam s h a v e , an d  th e  end p r o d u c ts  
o f  g lu c o s e  râG taboliora a r e  a c id s #  I  found  t h a t  o n ly  9 o f  t h e  
16  s t r o n g l y  p r o t o t r o p h i c  s t r a i n s  p ro d u c e d  d e m o n s tra b le  am oun ts 
o f  a c id #  ’ TliQ p o a s ib l e  r e a s o n s  f o r  t h i s  f in d in g . .a r e  d is c u a a o d  
OB p ag e  l& f # '
138’-
Ac e t o i ï i p r o  diîc tio ïü
B e fo re  a l l  t h e  406  © tr a in s  w ore t e s t e d  f o r  t h e i r  a b i l i t y  to  
p ro d u c e  a c e t o i n ,  a  s u i t a b l e  I n o n b a t lo h  p e r io d  w as d e te rm in e d  
f o r  a  l iB r l te d  num ber o f  s t r a i n s *  Two b a tc h o a  o f  b o th  
â c e t o i n  Medium H o .l  (p ag e  lO'V ) an d  â c e t o l a  Medium Ho*2 
(p a g e  ) w ere  i n o c u l a t e d  w ith  17 ran d o m ly  c h o se n  s t r a i n s  
o f  m ic ro c o c c i  an d  s t a p h y lo c o c c i .  One b a tc h  ivas exm nlned f o r  
a o o to in  p r o d u c t io n  a f t e r  4  dayo^ and  th e  o t h e r  b a tc h  a f t e r  
14. d a y s ’ in c u b a t i o n  *•# 6 a c e t o i n  p ro d u c in g  s t r a i n s  w ore 
r e c o r d e d  a f t e r  4 d a y s , an d  7 a f t e r  I 4 d a y s . I t  seem s t h a t  
a t  l e a s t  I 4 d a y s ’ i n c u b a t i o n  i s  r e q u i r e d  to  d e t e c t  a l l  t h e  
l a t a  a c e t o i n  p r o d u c o r s ,  an d  a p p a r e n t ly  no bre#:*"dow n o f  
a c e t o i n ,  a l r e a d y  fo rm ed , t a k e s  p la c e  d u r in g  t h i s  in c u b a t i o n  
p e r io d ;  t h e s e  r e s u l t s  d i s a g r e e  w ith, th o s e  o f  Eddy (1 9 6 1 ) b u t  
a g r e e  w i th  th o s e  o f  B a ird ^ P a rk e r  (1963) (p a g e  ) .   ^ The 
Zf06 s t r a i n © ,  t h e r e f o r e ,  w ore in c u b a te d  i n  A c e to in  Medium H o .l  
an d  H o.2  f o r  I 4 d a y s  b e f o r e  t e s t i n g  f o r  t h e  p r e s e n c e  o f  
a e o t o i n .
Two m e d ia , A c e to ln  Medium H o .l  an d  H o .2 ,  w ere  u se d  i n  th e  
d e t e c t i o n  o f  th o  p r e s o i i c e 'o f 'a o e t o l n ,  s i n c e  b o th  m ed ia  h av e  
boon em ployed i n  m ic ro c o e e a l  and  s t a p h ÿ lo c o c c a l  c l a s s i f i c a t i o n  
schem es (Abd-^ol^M alek & G ib so n , 1948 ; Bhaw ^  , 1 9 5 1 9
B a irc k 'P a rk e r ,  1963) # Of th e  406 s t r a i n s  c u l t u r e d  i n  b o th  
m e d ia , 221 s t r a i n s  w ere  a o a to in  p o s i t i v e  I n  A c o to in  Medium 
H o .l  miâ Ho* 2 , 10  s t r a i n s  w ere  a o e t o i n -p o s i t i v e  o n ly  i n
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â c o t o i u  Modltmî H o . l ,  and  18 a t r a i n s  w ere  a c e t o l n  x io a lt iv e ' 
o n ly  i n  A e e to ln  Medium H o ,2 .  î t  w ould  a p p e a r  t h a t  t h e
p h o e p h a te  f r e e  medium C â c e to in  Medium Ho#2) • a t r lm u la te s  th e  
p r o d u c t io n  o f  a c e t o i n  by a  foil m ore a tra a ln s  th a n  th e  g lu c o s e  
plioB'pliato medium (A c o to iii  Modj,um H o , l ) ,  b u t  X do n o t  a t te m p t  
to  oxx>laln t h e  d lG ç re p a h ô le a  o f  th o  r o a u l t o  b e tw e en  th e  2 
m edia* S im i l a r  r e a u X ts  h av e  b:o.en r e c o r d e d  toy th e  above 
au th o r©  who UBod b o th  m e d ia , b u t  no r e a s o n  v/aa e v e r  g iv e n  to  
e x p la in  th e  v a r y in g  r e s u l t s  i n  th e  2 m edia* In  f a c t ,  we 
know v e ry  l i t t l e  abou t, t h e  m echanism  o f  a c e t o i n  p r o d u c t io n  
toy tooth s ta p h y lo c 'o a o i  an d  m ic ro c o c c i*  T h is  'p r o d u c t io n  oeemB 
to  depend  n o t  o n ly  on  t h e  p o t e n t i a l i t y  o f  t h e  © tra în a  to  
p ro d u c e  a c e t o i n ,  tout a l s o  on th e  c o m p o s it io n  o f  th e  mod*.urn 
u s e d ,  and  t h i s  c o n f irm s  my v iew  o x p ree a o d  on p ag e  '4 ^  , t h a t  
a c e t o i n  p r o d u c t io n  s h o u ld  n o t  toe r e g a r d e d  a s  a  m ain  c h a r a c t e r  
i n  an y  c l a e G i f i c a t l o n  schem e o f  th e s o  o rg a n is m s  u n t i l  an  
i n t e r n a t i l o n a l l y  r e c o g n is e d  s ta n d a r d  m et.hod, w h ich  i s  capèitole 
o f  d e t e c t i n g  a l l  p o t e n t i a l  a c e t o i n  p r o d u c e r s ,  i s  p ro p o s e d , 
T h e r e f o r e ,  i n e t cad  o f  c h o o s in g  th o  r e s u l t s , f r o m  o n ly  one o f  
th e  a c e t o i n  m e d ia , a s  o th e r  ta x o n o m is ta  h a v e  d o n e , 1 h av e  u s e d  
b o th  s e t s  o f  r e s u l t s  f o r  o l a s s l f y l n g  th e  406 s t r a i n s ,  and  th e  
r e s u l t s  a r e  sum m arised  i n  T a b le  3 0 , . . ■
A l l  t h e  c o a g u la a e  p o s i t i v e  s ta p h y lo c o c c i  az*e a c e t o i n  
p o s i t i v e ,  and  th o  s t r a i n s ’ a b i l i t y  to  p ro d u c e  a c e t o i n  i s  
a% )pro:gim ately - p r o p o r t lo n a ] ,  to  t h e i r  a b i l i t y  to  u t i l i s e
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carbohyclratO G i h o w ev e r, I t  i s  s u r p r i s i n g  t h a t  a t  l e a s t  m m e 
o f  th e  m ic ro c o c c a l  s t r a i n s  w h ich  oxicliaG  g lu c o s é  (2 6 /1 3 0  
s t r a i n s )  o r  do n o t  u t i l i s e  g lu c o s e  a t  a l l  (4 /4 8  s t r a i n s ) , o r  
a p p a r e n t ly  n o t  i n  O lu easo  â g a r  Médium c a n  p ro d u c e
a c e t o i n ,  to e c a u e o 'th e  no rm al m echanism  o f  a c e t o i n  p r o d u c t io n  
i a  d o p en d o n t on  p y r u v ic  a c i d ,  a r i s i n g  from  f e r m e n ta t iv e  path*-* 
ways s t a r t i n g  from  g lu c o se *  The e l g u l f l o a n e e  o f  th e s e  
r e s u l t s  i s  cU acussod  f u r t h e r  on p ag e  )(^ *
A r b i t r a r y  g%'oupl%' o f  s t r a i n s
Ho., o f  
a t r a i n s
ac e 'a o in




n e g a t iv e
C o ag iilaae  ^*ve a ta p h y lo c p o c i  . 21 ao 1 0
OoaguXasG -^ve s tap h y X o o o co i 20? 163 9 35
G lu c o se  o x i d i s i n g  ra ic ro o o o c i X30 26 ' 12 92
M ic ro c o c c l u n a b le  to  o x id is e . 48 4' a 42
s t r o n g  p o s i t i v e  s?: s t r a i n s  w hich  g iv e  a c e t o i n  4-ve r e a c t i o n s  i n
tooth m e d ia .
weak p o s i t i v e  a t r a i n s  v/Iiioh g iv e  a c e t o i n  t v e  r e a c t i o n s  i n
one mecliui'a t e t  n o t  th o  o th e re , o r  s t r a i n s  v;hich 
^produce a c e t o i n  w eak ly  i n  tooth m e d ia .
n e g a t iv e ^ s t r a i n s  w hich  do n o t  p ro d u c e  a c e t o i n  i n  e i t h e r  
Biedla*
Coafm lasG  p r o d u c t io nfsfrtr^ ktcgjWT *%rA%=p:tY(X:A aKag^Y^AFfr m
Tube t o s t  .
Tube O?ost l o . I  (p ag e  1 0 8 ) I s  th e  one u s e d  ro u tin o X y  i n  Biost 
l a b o r a t o r i e e  f o r  t h e  d e t e c t i o n  o f  ooaguX aae p o a i t i v o  o t r a i n a . ■
' Tube T e a t  Bo * 2 (p a g e  tO*J ) alXov;a weak coaguX ase p o s i t i v e  
s t r a i n s  to  p ro d u c e  a  v l e i b l o  c l o t  b e f o r e  an y  ooaguX ase 
d e s t r o y in g  onsyme can  becorae a c t i v e  (p ag e  \ûP\ ) • Tube T e s t  
H o .3  (p a g e  UO ). I n c lu d o e  th o  u s e  o f  h e p a r in  I n  c a s e  any 
c i t r a t e  u t i l l s l i i g  o rg a n ism  a l lo w e d  th o  n o rm a l p la sm a  c l o t t i n g  
m echanism  to  t a k e  p la c e  (p a g e  tlO ) .
O f t h e  406 s t r a i n s ,  21 w ore r e c o r d e d  a s  c o a g u la s e  p o s i t i v e  
s ta ^ p h y lo c o c c i by Tube T e a ts  X, 2 an d  3 . Two o f  th e s e  
o o a g u la a e  p o s i t i v e  a  t r a i n s  d id  n o t  fo rm e n t o r  o x i d i s e  m aim itoX  
th o  o t h e r  I 9 s t r a l n s  f o m o n to d  b o th  g lu c o s e  and  m a n n i to l .  
H ow ever, 9 /3 1  m a n n ito l  f e rm e n tin g  s t r a i n s  w ere  o o a g u la s e  
n e g a t i v e ;  th e  r e p o r t s  i n  th e  l i t e r n t i i r e , .  t h a t  t h e  p o a s e e a io n  
o f  th e  c h a r a c t e r  o f  m a n n i to l  f e r m e n ta t io n  1b  c l o s e l y  
a s s o c i a t e d  w i th  th e  p o a s e s s io n  o f  th e  c h a r a c t e r  o f  c o a g u la s e 
p r o d u c t io n  i n  a ta p h y lo c o c c i  (p ag e  4 % ), i s  n o t  supx )o rtod  by 
th o s e  f in d in g B . 
iÇ llde T e s t
B e a p i te  t h e  f a c t  t h a t  o v e r n ig h t  c u l t u r e s  w ere  u se d  to  exam ine 
s t r a i n s  by th e  a l le le  t o s t  f o r  ’*l)ounch^ c o a g u la a e ,  th o  r e s u l t s  
w ore d i s a p p o i n t i n g  I n  t h a t  th o y  d id  n o t  show a  c lo s e  
c o r r o l a t l o i i  w ith  th o s o  o f  th e  tu b e  t e s t s 2?  s l i d e  co ag x ila se
*"• 3-42
p o s i t i v e  s t r a i n s  w ore r e c o r d e d ,  o f  w hich  o n l y '9  w ore tu b e  t e s t  
oo ag u iiaso  p o s i t i v e ;  64 s t r a i n s  a u t o a g g l u t i n a t e d  I n  s a l i n e  and  
I n  w a te r  and  c o u ld  n o t  b e  t e s t e d ;  fj s t r a i n s  c o u ld  n o t  be  
e m u l s i f i e d  I n  e i t h e r  © a lin e  o r  w a te r  and  c o u ld  n o t  be  t e s t e d .
I t  I s  p o s s i b l e  t h a t  f o r  a  c l o s e  c o r r e l a t i o n  b e tw e en  s l i d e  
t e s t  and  tu b e  t e a t  r e s u l t s  c a n  be  fo u n d  o n ly  when t h e  s t r a i n s  
t e s t e d  a r e  nèv/ly  i s o l a t e d ,  a s  th e y  a r e  i n  b a c t e r i o l o g i c a l  
r o u t i n e  t e s t i n g  l a b o r a t o r i e s  I n  h o s p i t a l s  w h ere  t h e s e  coagu3 ,ase 
t e s t s  a r e  m o st f r e q u e n t l y  u s e d  m o st o f  th o  s t r a i n s  t h a t  I  
t e s t e d  h ad  b een  c u l t u r e d  f o r  2 yoai^s. I  d id  n o t  u s e  t h e s e  
r e s u l t s  f o r  o l a s a i f y i n g  th e  4^6  s t r a i n s .
P h o sp h a t a s e  pro  du c t3.on
O f th e  406 s t r a i n s  t e s t e d ,  274  s t r a i n s  w ere  p h o s p h a ta s e  
p o s i t i v e ,  t h e  r e a c t i o n s  v a r y in g  from  s t r o n g  to  xieak* A l l  
21 s t r a i n s  o f  c o a g i i la s e  p o s i t i v e  s t a p h y l o c o c c i , 73% o f  th o  
c o a g u la s e  n o g a t:lv o  s t a p h y lo c o c c i ,  76% o f  th e  g lu c o s e  
o x id l s 'ln g  m ic ro  c o c c i ,  a n d  30% o f  t h e  m ic ro  c o c c i  u n a b le  to  
u t i l i s e  g lu c o s e  w ere  p h o s p h a ta s e  p o s i t i v e .  The i^ e s u l ta  a r e  
sum m arlacd  I n  T a b le  31# P h o s p h a ta s e  p r o d u c t io n  l a  a  
c h a r a c t e r  shown by many s t r a i n s  o f  mlox‘0 c o c c i  an d  ataphylo** 
c o c c i ,  b u t  I t  c a n n o t be c o r r e l a t e d  w ith  an y  o t h e r  c h a r a c t e r  
d e m o n s tr a te d  by t h e s e  o rg a n is m s .
-  Ik3
& ë m # a
A.îi'&ifeï'.arÿ g r a a p la g  o f  efcpo iae
O o ag u la so  4^ve B ta p h y lo c o e o l 
te a g u la s D  «*vo s ta p h y lo q a o o l  
QlucoGo o x ld ie d n s  m io ro e o e c i  
M ic ro e o c c i  u n a b le  t-o o iç id ie o
Ho. o f
o t r a i n e
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A il 406 strnl& m  ne.ro examlu^ad fo r  t h e i r  a b i l i t y  to  broalt down 
o ae e ln  i n  m ilk  a g a r (page \l(  ) .  o f  th e  miXit woe
v i s i b l e  a ro u u d  c a l e n i e c  o f  ao m o .o f t h e  s t r a i n s  a f t e r  In o u 'b a - 
t l e n ,  tout t h i s  o lo a rlR g  d isap p ea red  l a  many o f  th o  © tra in s  
when a c id ic  m e-rcarle e h lo r ld o  was aûûoû to  th e  p l s to s  to  
p r o c lp i t a to  th o  eesolm . T h e re fo re , I t  wee p o s s ib le  to  
d lB tinguialx  hotvoon  o lo a r in g , wtoioto vicm oauoecl toy th e  fli©« 
e e lv in g  o f  tho  mil?^ p r o te in  by th e  a lk a lim o  b y p ro d u c ts  o f th e  
o e l lB , m û  t r u e  p r o t s o ly s le ,  due to  th e  bydro lyal©  o f  th o  
c a s e in  (p a g e  4*  ^ ) .  O f tlio  406 a  t r a i n s ,  2€5 c lo a .ro d  m l lit o g o r  
and  169 h y d ro ly e e d  caooln  l a  th e  m ilk  a g a r ;  m  f ô t r a lœ  w ere 
found that CGTa.d hydrolyse caeeln without clGsrlag 5illk agar, 
The inilh h y d ro ly s is  r é s u l ta  a re  smmarlee&lnTm'u3.e 32, Th#ro 
anoearo  to  be no c o r re lrc t lo a  botwoon m ilk  h y d r o ly d e  and  ony
o t h e r  c h a r o c t e r .
G©lat i n  h y d r o l y s ls
A13. 406 © tr a in s  w ere  ex ara laed  f o r  t h e i r  a b i l i t y  to  b re a k  clov/n 
g e l a t i n  i n  g e l a t i n  a g a r  (p a g e  U t. ) ,  and  o f  th e e e ,  182 © tra in©  
w ere  g e l a t i n  p o 0i t : l v e .  The r e a u l t s  a r e  eum m arlaed  i n  T a b le  
3 2 . T h e re  appear©  to  be  no o o r r e l a t i o n  b e tw e en  g e l a t i n  hydro* 
ly a l©  and  any  o t h e r  c h a ra c te x s
A l l  kOB G t r a in s  w ere  m m m lned f o r  a b i l i t y  to  h y d r o ly s e
nx'oa I n  u r e a  a g a r  s lo p e s  (p a g e  \\%. ) ,  and  380 s t r a l n a  w ere 
fo u n d  ' t o  h y d r o ly s e  u r e a  to  am m onia. The x '^esu lts  a r e  
sxm m arlaod  I n  T a b le  3 2 . • T h e re  a p p e a r s  to  be  no o o i^ r e la t lo n  
b e tw een  m^ea h y d r o l y s i s  an d  any  o t h e r  c h a r a c t e r ,
^ ■ > l e 3 2*is±*d!n«e&s>w*re*trtn»^
C a s e in ,  g e l a t i n  and u r e a  hydx^o lya is  by th e  m ic ro c o c o a l  and
s te j> h y lo  co o c a ‘l  s t r a i n s
A r b i t r a r y  gx 'ouping  o f  s t r a i n s
C oagulacîo -î-vé a ta p h y lo o o c o l  
C o a g u lae o  « v e  s ta x A iy lo c o c c i 
G lu c o se  o ^ d d is in g  m ic ro c o c c i
i';Y.a4,«ATAa;i<'-o oyi^axri<<tt«s«,i4"Wtt-e>ii3Wr v.*iSfT*rie:»i5J^vhe> pwafktACA'f*
M ic ro c o c e i  u n a b le  to  o x id ia e  
, g lu c o s e
•,î*:^W<tPiTCE.\R*,ï£ÿV'« RM
Ho, O f a t  r a i n s  hydx^olysing
s t r a i n s
exam ined C a s e ind.*j^.*ïT;iywrt,fîïr»afèr#£«S »
G e la t in h r e a
iVrfüM #K
21 10 17 20
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“ 1 4 5  -
T r i  bu t y r l n  liy d r  ©
B reak-dovm  o f  t r l b u t y r i u  v;as d e te c te d  I n  T r i b u t y r i n  A gar 
f o r  a l l  b u t  I 4 o f  th e  406 © t r a în a . The r e s u l t s  a r e  
aum m arlsed  i n  T a b le  33*
Err y o lk  o u a e i ty
X found th a t  among th e  4O6 s t r a i n s , 3.00 b lo c lie m lc a lly  a c t iv e  
etapl'iy lo c o  e e l  were ca p a b le  o f  ca u s in g  o p a c it y  In  ogg y o lk  
a g a r . Only 5 0 , how ever, o f  th o s e  100 s t r a i n s  showed 
o p a c ity  around a l l  or  m ost o f  tho  c o lo n ie s ;  i n  th e  o th e r  50 
s t r a i n s ,  o n ly  a few  o f  th e  c o lo n ie s  on each  p la t e  viore 
surrounded  by a %one o f  o p a c ity *
I t  was n o t i c e d  t h a t  I f  a  c o lo n y , s u r ro u n d e d  by an  opaque 
î?iOBO ( p o s i t i v e ) ,  and  a  c o lo n y  w ith o u t  su ch  a zone ( n e g a t i v e ) ,  
w ere  s e l e c t e d  from  a s t r a i n  t h a t  p ro d u c e d  a  m ix tu re  o f  p o s i t i v e  
and  n e g a t iv e  c o lo n !o s  on egg y o lk  a g a r ,  and  each  o f  th e s e  
c o lo n ie s  was p l a t e d  o u t  on  to  th e  same m edium , th e  r e s u l t a n t  
c o lo n ic s  v/o,re, i n  each  c a s e ,  a g a in  a m ix tu re  o f  p o s i t i v e  and  
n e g a t iv e  egg y o lk  o p a c i ty  c o lo n ie s *  T h is  r e s u l t  was n o t  
€^xpected , s in c e  i f  ce3 -ls  o f  a  s t r a i n  l o s e  t h e  a b i l i t y  to  
d isp la y  • -a- cU ax\acter i t  l a  n o rm a lly  assum ed  t h a t  th e  
p ro g en y  w i l l  do l i k e w i s e .  I t  I s  p o s s i b l e  t h a t  a l th o u g h  th e  
egg  y o lk  l i p a s e  I s  p ro d u c e d  by c e l l o  I n  b o th  p o s i t i v e  and 
n e g a t iv e  c o l o n i e s ,  th e  n e g a t iv e  c o lo n ie s  35ay  c o n ta in  c e l l s  
u n a b le  to  r e l e a s e  th o  ensyme I n to  th e  m edium , b e c a u s e  o f  some 
e n v i ro im o n ta l  c o n d i t i o n ,  a n d , t h e r e f o r e ,  no o p a c i ty  w ould be
* '
v i s i b l e  a ro u n d  t h e s e  c o lo n ie s *  l^hatevor t h e  r e a s o n ,  th o
d é m o n s tr a t io n  o f  egg y o lk  o p a c i ty  by t h i s  m ethod  d o es  n o t  
seem to  bo th e  i d e a l  one f o r  d e t e c t i n g  l i p a s e  a c t i v i t y ,  s in c e  
i t  i s  pDSs:lb3-e t h a t  a  s t r a i n  w ould p ro d u c e  al3. i t s  c o lo n ie s  
v /ith o iit  th e  a b i l i t y  to  d e m o n s tra te  o p a c i ty  i n  egg y o lk  a g a r ,  
a l th o u g h  th e  c e l l s  p o o so a se d  'th e  l i p a s e  enzym e. Tho r e s u l t s  
o f  t h e  ogg y o lk  o p a c i ty  t e s t ,  i n  w hich a  s t r a i n * p ro d u c in g  - 
ev en  a  s m a ll  p r o p o r t i o n  o f  c o lo n ie s  s u r ro u n d e d  by a  00 n e  o f  
o p a c i t y ,  i s  c o n s id e r e d  to . be | i o s i t i v G ,a r e  sm m narlsed  i n  
T a b le  33*.. ' / I n  v iew  o f  t h e  r e s u l t s  i n  th o  t a b l e ,  i t  seem s 
l i k e l y  t h a t  t h e  'l i p a s e  ensiymo h y d r o ly s in g  t r i b u t y r i n ,  and  
t h a t  h y d r o ly s in g  th e  f a t  i n  egg y o lk  to  c a u s e  o p a c i t y ,  a r e  
q u i t e  d i f f e r e n t ,  b u t  v e ry  l i t t l e  i e  known a b o u t th e  n a tu r e  o f  
egg  y o lk  l i p a s e .
T a b le  33
T r lb i i t y r i n  h y d r o l y s i s  and w o d u c t io n  o f  egg  y o lk  o p a c i ty  by 
th e  m ic ro c o G c a l and s ta p h y lo c o c c a l  s t r a i n s
â r b i t r a x 'y  g ro u p in g  o f  s t r a i n s
Co a gu3.a so  4- vo s  t  a p h y l o coo c l  
O oagiilasG  •^ve s ta p h y lo c o c c i  
G lucose  o x i d i s i n g  ïn ic ro c o c c i
M icroCOc ç l  u n a b le  to  o x i d i s e  
' - g lu c o s e
Ho. o f
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F i r s t  o f  a l l ,  I  u ao d  I la o m o ly tlo  M ethod H o . l  (p a g e  (13 ) to  
exam ine 260 s t r a i n a  f o r  th o  p r o d u c t io n  o f  h a o m o ly e in s . On 
th o  a s s u m p tio n  t h a t  oomp3.Gte o r  p a r t i a l  c l e a r i n g  o f  b lo o d  
a ro u n d  c o l o n ie s  g ro w in g  o n  h o r s e  b lo o d  a g a r -w a s  due to  haemo­
l y s i s  , I  fou n d  t h a t  many m ore E n tra in s w ere  r e c o r d e d  a s  
h a e m o ly t ic  a f t e r  72 h o u r s  a t  i n c u b a t i o n  (2 3 2  a tx ^a in a)
th a n  a f t e r  24  h o u r s ’ i n c u b a t i o n  (100 s t r a i n s ) .  Many o f  th o  
s t r a i n s . ,  o s p e c i f \ l l y  th o s e  t a k in g  o v e r  2 d a y s  to  aliov/ c l e a r i n g  
o f  b lo o d , howeverj) m ig h t n o t  h av e  haem olyaod  th o  ro d  c e l l o  
w ith  an  ensym ie  t o x i n ,  1 . 0 . h a o m o ly a in , b u t  c o u ld  h av e  
h aem o ly so d th em  by t h e  a l t e r a t i o n  o f  th e  pH, ow ing to  t h e  
m e ta b o l ic  b ip r o d u c t s  o f  th e  b a c t e r i a l  c e l l o  a ro u n d  th e  g ro w th  
s o n e s .  Ho ’H io t- c o ld ’* o r  h a e m o ly s in  w as d e t e c t e d  i n  o f  
th o  p l a t e s  a f t e r  a  f u r t h e r  i n c u b a t i o n  p e r io d  o f  18 h o u r s  i n  th o  
c o l d .
S e c o n d ly , I  eK am ined s t r a i n s  f o r  thela;* a b i l i t y  to  p ro d u c e  a  
s o l u b l e  haem olyalU p a p a r t  from any  pK e f f e c t ,  by u s in g  
H aem o ly s ln  M ethod Ho.2  (p a g e  U 3 ) ,  F o u r s t r a i n s  o f  s t a p h y lo ­
c o c c i  ( e x c lu d in g  co ag u la s©  p o s i t i v e  s t r a i n s )  and  1 la ie ro c o c e u s  
s t r a i n ,  a l l  o f  w h ich  p ro d u c e d  h a e m o ly s is  by H aem o ly s in  M ethod 
H o . l ,  w ere  exam ined  by  H aam o ly s in  M ethod n o .2 t o  s e e  ( a )  
w h e th e r  s o l u b l e  h a e ra o ly s ln a  c o u ld  be  d e t e c t e d ,  cmd (b )  i f  s o ,  . 
w h ich  s p e c i e s  o f  r e d  b lo o d  c e l l s  w ere th e  m o st s e n s i t i v e  to  th e  
s o l u b l e  h a e m o ly s in s .  The r e s u l t s  a r e  r e c o r d e d  i n  T a b le  54*
148
The a c t io n  o f  m lcrocdccal anti stante
s t r a i n  N o.
F i n a l  S i  
toe d
l i t  I o n  a t  w hich h a e m o ly t ic  a c t i v i t y  earn 
e te .c to d  i n  th e  fo l lo w in g  r e d  c e l l s
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f o r  a r b i t r a r y  g ro u p in g  o f  s t r a in ©  s e e  Tab3.e 35*
From th e  r e s u l t s ,  i n  T a b le  3 4 s I t  seem s a s  i f  H aem o ly sln
M ethod Ho*2 c a n  d i f f e r e n t i a t e  b e tw een  h a e m o ly t ic  a c t i v i t y  an d  a
pH e f f e c t ,  s i n c e  o f  t h e  5 s t r a i n s  w hich  show ed a  ’'h a e m o ly tlo u
e f f e c t  on h o r s e  b lo o d  a g a r ,  o n ly  2 p o seo ssec i a  s o l u b l e  haem o-
ly s in *  W h ile  r a b b i t  and  sh e e p  c e l l s  a re .th e  m ost e e n s i t l v e
b lo o d  c e l l s  to , show s o lu b l e  h a e m o ly t lc  a c t i v i t y ,  h o r s e  c e l l s  a r e
a l s o  s u i t a b l e  f o r  t e s t i n g  I n  H ae in o ly tie  M ethod N o .2# , Human and
m ouse c o l l s  w ere  c l e a r l y  n o t  s e n s i t i v e  enough to  d e t e c t
h a e m o ly t le  a c t i v i t y  i n  a t  l e a s t  one s t r a i n ,  and t h e s e  r e d  c e l l s
w ere  n o t  u s e d  f o r  f u r t h e r  t e s t s #  The tu b e s  w ith  i n t a c t  r e d
oc e l l s  w ere k e p t  a t  4 G o v e r n ig h t  to  s e e  I f  any  ’’h o t - c o l d ’’ 
e f f e c t  was a p p a r e n t ,  b u t  mo h a e m o ly s is  was n o t ic e d #
A lth o u g h  no o x p o r im e n ts  w are  done to  d e te rm in e  th e  s e r o l o g i c a l
— 149 **
.n a t u r e  o f  t h e  s o lu b l e  Im e m o ly e ia s , I t  i s  p o s s i b l e  t h a t  th e  
s o lu b l e  haomolysiuB p ro  du cod by th o  2 c o a g it la s e  n e g a t iv e  
e tap h y lo co o c :,I  c o r re s p o n d  to  t h e  £ -h a e ru o ly a :ln  as  d e f in e d  by 
Elok .& b ev y  i n  iggO b (p a g e  S B  ) #
A eom parlB on was' made o f  th e  am ount o f  s o lu b l e  haem ol^m in 
p ro d u c e d  by c e l l e  o f  S t r a i n  n o . 133 (a  coagu3.aso  n e g a t iv e  
s ta p h y lo c o c c u s ) ,  when th e  c e l l s  w ore in c u b a te d  u n d e r  an  
a trrto sp h e re  o f 80% 0 0 ^ , end  when th e  c e l l s  w ere  in c u b a te d  i n  
th .c p r e s e n c e  o f  a i r ;  no d i f f e r e n c e  i n  th e  am ount o f  liaerao- 
l y s i n  %)roduced v/as d e t e c t e d ,  and t h e r e f o r e  i t  seem ed t h a t ,  
u n l i k e  th o  fo rm a tio n  o f  , p  -  and  - s t a p h y l o c o c c a l  
h a e m o ly s in s ,  w hich  a r e  a id e d  by  th e  p re a e n c o  o f  0Op, 00^ v/as 
u n n e o e a a a ry  to  s t i m u la t e  t h e  fo rm a tio n  o f  t h e  s o l u b l e  l y a l n  
o f  a t  l e a s t  one  c o a g u la a e  n e g a t iv e  s t r a i n ,  and  h en c e  no o t h e r  
s t r a i n  w h ich  was t e s t e d  f o r  th e  p r e a e n c e  o f  s o lu b l e  h ao m o ly s ln  
was c u l t u r e d  I n  a n  a tm o sp h è re  o f  80% CO^.
S in c e  i t  h a s  boon shown t h a t  h o r s e  ro d  c e l l s  a r e  a  s u i t a b l e ,  
i n d i c a t o r  o f  s o lu b l e  h a m io ly s in  a c t i v i t y ,  I  com pared th e  
r e s u l t s  o b ta in e d  frcm  H ae m o ly tio  M ethod M o .l an d  H ae m o ly tic  
M ethod ïfo .2  u s in g  h o ra e  r e d  c e l l s  f o r  a  l i m i t e d  num ber o f  
c o a g u la s e  n e g a t iv e  s t r a i n s .  I f  a  s t r a i n  p ro d u c e d  a  h a e m o ly t ic  
t i t r e  o f  a  s o lu b l e  h a e m o ly s in  g r e a t e r  th a n  1/8 , th e  s t r a i n  
was c o n s id e r e d  to  bo h a e m o ly t ic , and  i f  t h e  t i t3 ? e  was l e a s  
th a n  1 /8  b u t  g r e a t e r  th a n  1/2 , th e  s t r a i n  v/as c o n s id e r e d  to  
be  w eak ly  h a m o l y t l c ,  an d  i f  th e  t i t r e  v/as l e s s  th a n  1/2 th o
-  1 5 0  -
s t r a i n  was c o n s id e r e d  to  bo a o n -h a e m o ly tic #  The r e s u l t s  a r e  
r e c o r d e d  i n  T a b le  35#
TêM ê^
H adm olytdc M ethod H q# l H a e m o ly tic  M ethod
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■ 4" c  h a e m o ly s is i*W weak h aem o ly slQ -  no baGmoXysisî
F o u r  o f  t h e  s t r a i n s  w ere  h a e m o ly t ic ,  and  o n e  s t r a i n  n o n - 
h a e m o ly t ic  when exam ined  by b o th  me th e  da# One s t r a i n  v/as
h a e m o ly t ic  o n ly  when exam ined  by H ao m o ly tip  M ethod H o .2 ,  i n  .. 
c o n t r a s t  t o  th e  12  s t r a i n s  in r lc h  w ere lu ie m o ly tio  o n ly  when 
oxfm lnod  by H a e m o ly tic  M ethod .Ho.1 .  Few er p o s i t i v e  haomo-. 
l y t i c  s t r a i n f j ,  . t h e r e f o r e , w ere  r e c o r d e d  by H a e m o ly tic  M ethod.
H o*2 th a n  by h a e m o ly t ic  M ethod H o . l ,  and I  m a in ta in  t h a t  
H a e m o ly tic  M ethod H o .2 I s  a  much m ore a c c u r a t e  m ethod  o f  
d e te r m in in g  so lubl..o  eBr/,yra:lc h a e m o ly t ic  a c t i v i t y  th a n  
H ao m o ly tio  M ethod M o .l .  I t  was found  t h a t  a l l  th e  5 s t r a i n s  
p ro d u c in g  s o l u b l e  h a e m o ly e ln  v/ero g lu c o s e  f e rm e n tin g  s ta p h y lo ­
c o c c i ;  8 o t h e r  s t r a i n s  o f  s ta p h y lo c o c o i  and  5 © tr a in s  o f  
m ic ro o o G c i f a i l e d  to  p ro d u c e  any  s o lu b l e  h a e n io ly s in . Some, b u t  
n o t  a l l  o f  t h e  e tq p h y lo c o c c i ,  and  none o f  th e  m ic ro c o c c i  t h a t  1 
ex a m in ed , p ro d u c e d  a  s o lu b l e  h a e m o ly s ln , b u t  many m ore s t r a i n s  
w i l l  h av e  to  be  exam ined  b e f o r e  su ch  a  c o n c lu s io n  can  be  - 
a p p l i e d  to  s ta p h y lo c o c c i  an d  m ic ro c o c c i  i n  g e n e r a l .
H a e m o ly tic  M ethod M o.2 i s  an  e x c e l l e n t  m ethod  f o r  d e t e c t i n g  
s t r a i n s  p ro d u c in g  a s o lu b l e  h a e m o ly a in , b u t  s i n c e  th e  m ethod  l a -  
tiM O'»Gonauming, I  o n ly  e x a m in e d . a  few s t r a in ©  f o r  th e  c h a r a c t e r  
o f  s o l u b l e  h ae m o ly s iB  p r o d u c t io n ,  and c o n s e q u e n t ly  I  w as u n a b le  
to  c l a s o i f y  a l l  4 0 G a t r a i n s  w ith  t h i s  c h a r a c t m ? . .
Phap-e ty u in g
The r e s u l t s  o f  th e  p h ag e  ty p in g  a r e  a s  f o l l o w s : -
21 o f  89 s t r a i n s  exam ined  w ere  p h ag e  ty p a b le  o f. w h ich  • 
1 7 /1 8  (94%) c o a g u la s o  p o s i t i v e  a ta p l iy lo c o c c i  woro ty p a b le  
0 /5 9  (0%) c o a g u la e e  n e g a t iv e  s t a p h y lo c o c c i  w ere  ty p a b le
h/7  (57%) g lu c o s e  o x id i s i n g  m ic ro c o c c i  w ere  t y p a b le .
-  152 ' : ' . '
Of th e  %Ÿ typsbX o ^ o a g i i la a e  'p .q ,s lt iv o  B ta p h y lq c o c c i , 5 
B tra lA B  b e lo a g e t i ', t o  F hage Qroikp X> one e t r a l n 'b e l o n g e d  to . 
P hagé G roup I I » 8 a t r e in B  .b e lo n g ed , to  Pliqge Oreoi^p I l l s  ono 
s t r a i n  b03,onged to  P h àg c -^ o n p  I?.* B o t b e r  s t r a i n s  v/ere ' 
^ ^ isc ep tib X e  to  pliogokr b o io n g ln g  ■ to  m ore .th a n  o n e  p h ag e  group»
o n o . s t r a i n  s h a r in g  r^hages b o lo h g ili-g . to  P hage G roups I  - and
' ■ ' r ■ , ■ ' . - ■ ' ■ ; ■ -
I l l , a u 0 th o  o t h e r  s t r a i n  s h a r in g : 'p h a g e s  b e lo n g in g  to  P hage 
G roups I»  I I  and  I I I # .  ' ^^
O f th e  h .ty p a h le  g lu c o s e  o ic ld is in g  m lc r o o o e e i ,  B s t r a i n s  . 
b e lo n g o d  to  P h ag e  G roup I I I ,  su b g ro u p  A, a n d  2-.. s t r a i n o  
b e lo n g e d  to  P h ag e  G roup I I I .  Srosi th o s e  r e s u l t s  :I t  seem s a s  
i f  some m ic ro  c o c c i  can  be 'p lm go ' ty p e d  iv lth  ‘
m^^rquB p h a g e s  I t h e r e  d o es  n o t ' a p p e a r  W  bo -any r e c o r d  o f  
t h i s  o b s e r v a t io n  i n  t h e  l i t e r a t u r e .  '
f h e  f a c t  t h a t  X o u t  o f  18 c o a g u la s o  p o s i t i v e  s t r a i n s  vms 
n o B - ty p a b le  and  t h a t  /.♦. o u t  o f  ? m ic ro  c o c c i  w ore ty p a b le  
■. i n d l c a t e e  t h a t  p h ag e  t y p i n g - t e n o t  . .s p é c i f ie  f o r  c o a g u la s o  
p o s i t i v e  s t r a l h s ÿ  and t h e r e f o r e » ; r o g u i r e a  f u r t h e r  O Kam iBatlon 
b e f o r e  i t s  w o rth  .in  th e  o X a s s i f l 'c a t io n  o f  m ic ro e o c e l  and  
S ta p h y lo c o c c i  .'can  - b e  f u l l y  a s s e s s e d .  The c h a r a c t e r  o f  
p h ag e  ty p in g ' wa'a n o t  u s e d  to  c l a s s i f y  - a l l  %06 s t r a i n s *
3.53
xitcoLoeiGAi, c im m c T m s  
T h e re  a p p e a r s  to  bo no c o r r e l a t i o n  footween th e  s o u r c e s  
o f  th e  s t r a i n s  and  an y  o f  t l i o i r  m orphoX og ioal and p h y a io X o - 
g i c a l  ch a ra e te rs* *  F o r  i n s t a n c e ,  n o t  a l l  t h e  s t : r a iB s  
i s o l a t e d  from th e  sea»  o r  from c h e e s e s  c o n t a in i n g  a  h ig h  
s a l t  c o n c e n t r a t i o n 5 w ere  l i a l o p M l i c i  nox' was t h e r e  a  h ig h e r  
p e r c e n ta g e  o f  p r o t e o l y t i c  s t r a i i ’^ e amcn% th o s e  i s o l a t e d  from 
m i lk ,  c h e e s e ,  and  b a c o n , i n  co m p a riso n  w ith  s t r a i n s  
I s o l a t e d  from  Human o r  a n im a l sk in *  I t  was q u i te ,  im p o o s ib le  
to  d e te rm in e  t h e  s o u rc e  o f  an  o rg an lam  from  i t  a  ilio rp H o lo g iea l 
an d  p h y s i o l o g i c a l  c h a r a c t e r s  a lo n e .
I t  was p o s s ib le ÿ  however?, to  show th e  x ^ o la tio n s h ip  
b e tw e en  p h y s io l o g lo a l  c h a r a c t e r s  and s o u r c e  i n  v e ry  g e n e r a l  
te rm e  -  th e  m o st b io c h e m ic a l ly  a c t i v e .  Gram p o s i t i v e ,  c a ta l .a e o  
p o s i t i v e  c o c c i  a r e  found  i n ,  o r  o n , t h e  human b o dy , w here 
t h e r e  i o  a  h ig h  c o n c e n te a t io n  o f  n u t r i e n t s ,  e * g , p x ^ o te in s , 
c a r b o h y d r a t e s ,  f a t s  and v i t a m in s , and  some o f  t h e s e  c o c c i  
c a u s e  d i s e a a e  I n  Humana » e . g .  Staphy*locooei'u? a u r e u s  : l e a s  
b io c h e m ic a l ly  a c t i v e  s t r a i n s  may be fo u n d  on  a n im a l s k in  and  
i n  fo o d , and  the l e a s t  a c t i v e  o f  th e  Grom p o s i t i v e ,  c a t a l a s o  
p o s i t i v e  c o c c i  oocux'' i n  h a b i t a t s  l i k e  d u s t ,  w a te r  and  s o i l ,  
v^here t h e r e  i s  l i t t l e  n u t r i e n t  *
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œERESTÏÏÎG PIHBIîfGS •
After I  had examined the 4Q6 strains of miorococci and etapîiylocoGoi 
for a to ta l of 49 sBorphologioal and pliyaiologioal char actors, I  naturally  
looked for re su lts , which were in teresting  and unexpected « these are 
presented here -
(1) About a th ird  of the mannitol fermenting stra ins are coagulas© 
negative (page )* Mossel. (196S) and Pike (1962) found that inannitol 
fe]:mentation was olpseXy associated with ooagulase production in 
staphylococci, Baird‘*Parker (l9<53? 1965a) did not examine h is stra ins 
for mannitpl fermentation hut he mentioned that mannitol fermentation is  
one of the main oharaoteristics of ooagnlase producing bacteria» %  
resu lts  show that there are other stapbyloeocoi, apart from the coagulase 
positive s tra in s , which ferment th is  sugar.
(2) From the lactose and OhPG resu lts  i t  would appear that ndcrooocoi 
and staphylocoooi may have both lactose permease and p-^galaotosidase 
en?.ym8s, or ju s t . |p-galaotosidase, or neither (page I3S ), MoGlatohy & 
Hosenblum (1963) found that Staphyloooocus aureus possessed both of these 
enzymes. I not only confirmed th is , but showed the d istribution  of 
these enzymes in other staphylococci and also miorocoooi.
(3), The character of starch hydrolysis, i s  closely associated with 
stra ins of Mi or 000 ecus lutéus and M. roseus (pago\34 5 Table 3.9 )* No 
taxonomist has put any emphasis on the oharaoter of s ta r oh iiydrolysis 
for o lassifica tion , except Pike (1962^ who recorded tîiat of
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Baroina l utea strain© :'.-and: 26rlOO/& of ’’ûûBcellaneous MoroooocuQ spp.*' 
liydrolysed s ta r oh* Pike (%962), however, did not show that the yellow 
and the red pigmented microooooi tmablo to u t i l is e  glucose wore almost 
the o n ly  aerobic members of the family Micrococcaoeae to hydrolyse 
starch .
(4 ) The oharactea: of {p?ov/th in  glucos© ammonimi phosphate medium is  
closely associated with stra in s  of yellow pigmented mioroooooi unable 
to  u t i l i s e  glucose i,e*  MproeooouB lu t eus (page \V J ) . No taxonomist 
has shown tills  assooiatloii before ?• the difference between my resu lts  
and those of other ta3conom3.sts (page } can probably be accounted for 
by ny use of an inoculation system that ensured growth was dependent
on the constHn-ients of the prototroph medium, and not on the chrry over 
of any nutrients*
(5) The oharactor of oxidase production is  closely associated with 
mioroooooi unable to u t i l i s e  glucose, especially the yellov/ and rod 
pigmente d s tra in s , i . e ,  Miorooocous lut eus and M* roaeiis (pageli'l).
The production of oxidase by these bacteria lias not been recorded in 
the li te ra tu re , although Steel (1962b) considered tlmt **etapl)ylooocci** 
showing oxidase a c tiv ity , were generally glucose oxidising strains*
(6) The character of egg yolk opacity was unstable with half of the 
uiioroooGcal and staphylococcal s tra in s , which produced opacity around 
some of the colonies growing on egg yollc agar (page It-S). This 
observation does not seem to have been reported in the lite ra tu re  *
(7 ) A few miorocoooi were phage typed by Btapl\y3-0C0G0UB aure.us-
phages, and plated in phage group III (page 152)* Aa far as I am 
aware there is no published work recording the phage typing of 
mioroooooi by S* aureus phages; probably the reason for this is 
that very few bacteriologists have tried to phage type micrococci*
This result indicates that it is worth trying to phage type a wide 
range of micrococoi in the near future.
Many of my results, however, agreed with the findings of the 
majority of other taxonomists - those were the observations on cell 
size (pages 30 and 11$), colonial appearance (pages 31 and 116), 
appearance of cells in broth culture (pages 32 and 116), Gram*a 
reaction (pages 32 and 116), optimum temperature (pages 33 and 117), 
growth at 10*^ 0 (pages 34 and 118), sodium chloride resistance (pages 
35 and 119), pigmentation (pages 37 and 118), catalase production 
(pages 46 and 12l), glucose utilisation (fables 4 and 5 and page 133), 
coagulase production (fables 2, 4 and 5 and page 141), proteolysis of 
milk and gelatin (pages 49 and 143) and tributyrin hydrolysis (pages 
52 and 145). fhe results of urea hydrolysis (page 144) were found to 
agree with the results of other taxonomist® (page 51) for the coagulase 
positive strains, but because there is such a difference, in published 
results, as to the percentage of coagulase negative staphylococci and 
micrococci hydrolysing urea (page 51), Ï considered that it was 
impossible to draw any significant conclusion from a comparison of cy 
results and those of these taxonomists, especially as these taxonomists 
differ in their definitions of llicrocooous and St apbyloco ecus *
« 15T -
The résu lté  of liaemolyoin producbion (page /47) could not be compared 
vdth the resu lts  of other taxonomists (page56 )> because of nomenclatural 
problems, where organisms were not su ffi oient ly  well defined, or because 
the species of blood haemolysed, and the type of haemolysis produced, 
were often not mentioned#
Since the character of growbh a t 40^0 (page ||0 ) has not been 
previously examined in  stra ins of mioroooooi and staphylococci, I  could 
not compare my resu lts  with those of Other taxonomists#
Since knowledge of the taxonomy of micrococoi and staphylococci has 
not been sign ifican tly  increased by the foregoing re su lts , v/hich e ither 
agreed with those of other taxonomists, or could not be compared with 
those of other taxonomists, I  have not discussed these resu lts  in 
de ta il in  th is  section, although some of these characters have been 
used as main characters in  previous classifications,and the significance 
of these main characters in  c lassifica tion  is  discussed in  the next 
section (page (57).
Tm BIGNIFIQANQB OF MIH GHMAOmS IN A GM88IPI0ATI0N ■■mmm OF
MIOROGOOCI MB STAPHYLOGOÛCI
y next task vms to determine how to use the 49 oharaoters for 
classifying the strains* I  could use the trad itio n a l approach to 
olasoifioation (page 3 ) , and choose a few characters to be main 
characters for the grouping of s tra in s , or I  could use the Adansonian 
approach, in which a l l  characters are treated as equal (page 3 )*
Only i f  I  was convinced of a character being a) unequivocally present
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or absent i .o # no complicated intermediate reactions to  in te rp re t, 
and b) typical of the characteristics of a natural taxonomic grouping, 
would I  consider using that character as a main character in 
c lass ifica tio n . I  found tîiat only 2 characters, for vdiioh I  
examined the 406 s tra in s , fu lf i l le d  these conditions. Since many 
taxonomists, hov;ever, have used certain  characters as main characters 
in  th e ir  c lassifica tion  schemes, catalase production, glucose, 
mannitol and lactose u ti lis a t io n , aoetoin production, coagulase 
production, phosphatase production, and pigmentation (Tables 2, 3, 4 
and 5 ) ,  I  present in  th is section a detailed critic ism  of the use of 
these characters as main characters in a c lassifica tion  scheme of 
micrococoi and stapliylococci*
Cabalaee production
The genera Micro coccus and Staphylocooous are defined as being catalase 
positive (page ) , and a l l  catalase negative stra ins are excluded from 
these genera, thus making catalase production a main character in the 
c lassifica tion  of Gram positive cocci• The following observations, 
however,' indicate that catalase production may not be such an important 
character in the c lassifica tion  of the fondly Miorococoaceae as v/as 
previously thought
Three catalase negative iso la tes  of mine shared many morphological 
and piiysiologioal characters with the bioohemically active, catalase 
positive stapîiyloooooi* None of these 3 stra ins f i t s  in  with the 
defin ition of Aeroooccus according to Cowan & Steel (1965)» physiological
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oharaoters are compared in  Table 36# One of these catalase negative 
strains (no# 6) produced a catalase isozyme band» iden tica l to that 
produced by some catalase positive staphylococci (page » and i t  may 
well be that th is  s tra in  produces small amounts of catalase
undetectable by the pliysiological catalase te s t (pagelo^ ) . I t  io
also in teresting  to  note tha t there are, in the li te ra tu re , reports of 
catalase negative staphylococci (Lucas & Seeley, 19551 Jensen,1963; 
Solomon & San Clemente, 1963)#
These 3 s tra in s , therefore, appear to  be in a group separate from 
stapiiylocoQci, mioroooooi and aeroeocoi, and the taxonomic position 
of the group is  somewhere betv/een the staphylococci and the aero cocci,
but I would not exclude them from the Morocoocaceao because of the
apparent loss of one enzyme*
•"* 1 6 Ü  I*
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GomTparigQa of  oharaoters exliihlted h^y AerooQOoug virlflana and 
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The u t l l l a a t l o n  o f oarhohyclrates
S ince th e  o h a ra o te ra  o f  g lu c o se , im n n lto l, and la c to s e  u t i l i s a t i o n ,  
s ta r c h  h y d ro 3 ^ s is , growth in  g lu co se  ammonium phosphate medj.um and 
ao e to in  p ro d u c tio n  a re  dependent on th e  oarbol^ydrate m etabolism  o f 
c e l l s  o f m ioroooooi and s tap liy lo o o co i, th ey  a re  d e a l t  %7ith in  t h i s
•  l6 l  **
section* Even although the oharactera of starch Iiydrolysls and growth 
in  glucose aimonium phospliate medium have not been used as main 
oharaoters in  c lasa ifioation  schemes in recent years, they are included 
in  tM s section because organisms producing these oharaoters are of 
importance in  discussing the use of glucose. u ti l is a t io n  as a main 
character in  the c lassifica tion  of mioroooooi and staphylodoooi*
Glucose and mannitol u t i l is a t io n s The characters of fermentation and 
03d.dation of glucose and mannitol have been used by taxonomists as 
important c r i te r ia  in  c lass ifica tio n  schemes of miorocoooi and 
stapî'îyloooooi (page 31), and, since 1955» glucose fermentation has 
been regarded by a l l  taxonomists as the sole c rite rio n  for the 
separation of the genus More coccus from the genus Staplwloooooua 
(page )* Ecr these reasons i t  is  important that the u ti lis a tio n  
of glucose, and other sugars, under both aerobic and anaerobic 
conditions, by s tra in s  of mioroooooi and stapliylococoi can bo 
determined unequivocally*
Unfortunately I  discovered tha t there were several problems involved 
in testing  s tra in s  fo r these characters,
E irs t of a l l ,  there was the technical problem of obtaining anaerobic 
conditions by the use of liquid  paraffin overlay; I  found tha t i t  was 
impossible to  ascertain  whether or not fermentation had occurred in 
every s tra in  by th is  method (page W f) • Although many taxonomists used 
liqu id  paraffin  or vaspar overlay to create anaerobic conditions in  the 
deterrmlnatiou of fermentation of sugars (Table 10), I  found that
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incubation of oultm^eo in an atmosphere of l%rcb:ogen in  an anaerobio ja r  
was a much more effective method of achieving anaerobic conditions 
(page 12.^ ).
Secondly, I  found that d ifferen t media e#g# Glucose Agar Media Hos,
1 and 2, Glucose Broth Media Nos* 1 and 2, gave d ifferen t re su lts  when 
the action of the same stra ins was examined in them (page I l f )  5 I  
was able to olasoiiy  as a l/Uoroopqous a s tra in  recorded by Baird-Parker 
(personal ciommunioation) as a Stanhvlooocous, and also  able to  'c lassify  
as BtaphylooooQuo 2 s tra in s  recorded by Baird-*Parkor (personal 
communication)as Morocobcus* on the basis of glucose fermentation when I 
used a d ifferen t glucose agar and a different method of achieving 
anaerobic conditions from Baird«*Parker (1963)*
Thus i t  is  by no means easy to determine whether a  s tra in  oxidises
\\ f/
or ferments a sugar ^ and standardised conditions must be used by a l l  
taxonomists i f  fermentation of glucose is  to be recognised as the 
criterion  fo r separating Btapliylooooous from Morocooous >
I t  i s  not only the problem of standardising conditions that ra ises  
d if f ic u ltie s  with these te s ts ,  however, but also the in terp reta tion  of 
colour ohanges talûng place in the te s t  tubes when stra ins are examined
A n \ \ f/
for fermentation or oxidation of sugars in a complete sugar medium, A 
complex medium must be used for the detection of **sug'ar** fermenting and 
oxidising stra in s of iiiicroooeci and stapliylocoooi, since, as Jones ^  a l . , 
(1963) point out, some stra ins cannot grow in  a simple medium without the 
requirement of certain  growth factors such as b io tin  and u ra c il.
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Taxonomishs, as Evans (1955) and Ba:b:d«Parker (1963, 1965a) » have 
règardod a v isib le  change in  colour of the pH indicator in  an
w 't
inooulatect sugar medium as the sole moans of recognising fermentation 
and oxidation, when cultures have been incubated under anaerobic 
conditions and aerobic conditions respectively; the colour change in 
the pH indicator i s  presumed to be due to acid arising  from carbohydrate 
lUGtabolism.
Yet anomalous reactions v/ere observed when a fev/ microoooqal s tra in s  
growing in  Glucose Agar Medium Ho» 1 under aerobic conditions, produced 
transien t changes in  colour of the pH indicator. These stra ins produced 
in the mecliaim yellow 0ones indicating weak aoid production, and a fte r 
further incubation the cultures became purple in  qoXour onco more, thus 
indicating an inoa^eaee in  pH, to give apparently negative réactions 
(poge \2 t ) .  Shaw ^  a l .  (l95%)» Evans ^  o l. (1955), ^nd Baird-Parker 
(1963) were also aware of such transient changes of pH during growth 
of stra ins in  complex "sugar" media.
The only explanation 1 can give for these anomalous reactions is  
that small amounts of aoid are produced by the s tra in s , and a t a la te r  
stage of grmvrUh the aoid is  neutralised by alkaline produots of 
metabolism# This observation v/ould indicate tha t many metabolic 
reactions occur during growbh in  a complex "si;igar" medium, and the so 
would render the oxidation fermentation te s t ,  as i t  is  a t present, 
unsuitable fo r detecting small amounts of aoid produced from "sugars".
The manonietrio oicperiments of Hunheimer & Fabian (1942) and Hosypal
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& Koour ( 1963) seem to  b e a r  t h i s  l a s t  p o in t out* These au th o rs  
found th a t  th e  a p p a re n tly  b ioohem ioally  v/eak s t r a i n s  o f  Mioropoopug 
lu teu o  and o th e r  MlorooooQus sp e c ie s  could n o t on ly  o%1cW.se g lucose  
b u t many o th e r  sugars as  w e ll (page O xidation  v/as measured by
Og u p ta k e , i s  a- more d i r e c t i  method o f d o te c tin g  m etabolism  o f sugars 
th a n  th e  change in  co lo u r o f a  pH incU oator by th e  a c id ic  end p ro d u c ts  
o f  m etabolism *
Xaotose u t i l i s a t i o n s Glucose i s  g e n e ra lly  co n s id ered  to  be th e  s im p les t 
sugar f o r  c e l l s  to  m etabolise*  Yet 4 o f 28? s t r a i n s ,  capable o f  
p roducing  a c id  from  la c to s e  under ae ro b ic  co n d itio n s  witlm n 2 days, ap p a re n tly  
could n o t produce a c id  from g lu co se  in  Glucose Agar MecWaim Ho* 2 under th e  
same co n d itio n s  (p ag é ï'jf)*  I f  th e  so 4 s t r a in s  cannot hyd ro lyse  g lucose 
to  g ive  a o id , i t  i s  d i f f i c u l t  to  understand  how th e y  can hydro lyse  la c to s e ,  
a  d isa o ch a rid e  c o n s is t in g  o f g lucose  and g a la c to se  u n its *  B a ird -P ark er 
( 1965a )  found th a t  125  ^ o f  M icrococcus lu te u s  s t r a in s  u t i l i s e d  la c to s e  
a e ro b ic a l ly ,  b u t he d id  no t coniment on th e  fa d t  th a t  th e se  s t r a i n s  wore 
o la s s i f i e d  by him a s  m iorocoooi unable to  produce a o id  ftoom glucose*
Propably  th e  most r a t io n a l  ex p lan a tio n  o f th e se  a p p a re n tly  
oontradioto3?y r e s u l t s  i s  th a t  th e  4 s t r a in s  p roducing  ao id  from la c to s e  
a ls o  produce sm all amounts o f a o id  fjjom g lu co se , b u t sm all amounts o f  
ao id  a re  n o t e a s i ly  d e te c te d  in  Glucose Agar Medium Ho* 2 , because 
e i th e r  th e  c o n s t i tu e n ts  o f th e  medium o r aUcsAino p ro d u c ts  o f  m etabolism  
n e u t r a l i s e  th e  aoid*
S ta rch  3yy;drqlysiss S ta rch  i s  a  polymer o f g lu c o se , b u t most o f th e  s t r a in s
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liyda^olysing sta jrch  a re  th e  m icrocoooi a p p a re n tly  u nab le  to  u t i l i s e  
0 lu o o s e ,in  p a r t i c u la r  s t r a in s  o f  Microoooous lu te u s  and M* ro seu s  (page 11 6 )a 
S ta rch  Iw d ro ly s is  by s t r a in s  of Miorocooous lu te u s  (S arc inn  lu te a  in  th e
^  ^  “  *U7*t*.ix»trxt«rAî'f!lT4ruiWrfîirsioenitieiae ^  a.**/; KiW*#* f
nom enclature o f P ik e , I 962) has a lso  been reoo,rded by Kocm? & M artine0 
( 1962) and P ike ( 1962) ,  and in  a d d itio n  s ta ro h  h y d ro ly s is  by s t r a in s  o f  
M icrococcus ro se u s  has been reo o rd ed  by Sluaw e t  a l .  ( l9 5 l )  and Kocur & 
M artinec ( 1962)? bu t none o f th e s e  au th o rs  commented on th e  s ig n if ic a n c e  
o f s t r a in s  brealdlng down sta j:oh  bu t no i; ap p a re n tly  , g lucose * I f  any o f 
th e  end p ro d u c ts  o f  s ta rc h  h y d ro ly s is  a re  u t i l i s e d  by th o se  s t r a i n s ,  th ey  
must a lso  u t i l i s e  g lu c o se , s in c e  s ta rc h  i s  b u i l t  up ? /ith  g lucose  m olecules# 
I t  seems s tra n g e  th a t  some s t r a i n s  would break dov/n s ta rc h  w ithou t u s in g  
any o f th e  end p ro d u o ts, and the)?efo re , th e se  r e a c t io n s  appear to  me to  be 
anomalous #
Probably  th e  most s a t i s f a c to r y  ex p lan a tio n  f o r  th e s e  anomalous 
^reactions i s  th a t  a l l  th e  s ta r c h  u t i l i s i n g  s t r a in s  a re  ab le  to  u t i l i s e  
g lucose  j b u t as  s t a te d  b e fo re  (page 163 ) ,  th e  o x i d a t i  o n -fo r m entation  
t e s t  in  a complex g lucose medium i s  no t s e n s i t iv e  enough to  d e te c t  sm all 
amounts o f  a c id  p ro d u c tio n  from th e  glucose#
Growth in  glu co se  ammonium phosphate  mediums S tr a in s  capable o f grovdng 
in  g lucose  aimonium phosphate medium must be ab le  to  u t i l i s e  b o th  th e  
ammonium s a l t  ( th e  so le  source o f n i t ro g e n ) ,  and a ls o  th e  g lucose ( th e  
so le  sou3:cG o f carbon)# I t  was no ted  hov/ever, t h a t  on ly  9 o f th e  16 
s ’b:ongly  p ro to tro p h ic  s t r a in s  were ab le  to  produce any co lo u r changes 
in  th e  m e d iu m in d ica tin g  a c id  p ro d u c tio n  (page 137); th e  o th e r  ^ s t r a in s
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must have u t l l lB e d  th e  so le  oarhou oouroe, g lu c o se , h u t th ey  e i th e r  
f a i l e d  to  produce s irT fic ie n t ao id  o r  th e  a c id  produced v/as u o u tr a l is o d , 
so th a t  no co lo u r change in  th e  in d ic a to r  was v is ib le #  Both H i l l  ( l9 5 9 ) 
and Baird^Barlcer ( 1963) n o tic e d  th a t  some s t r a in s  o f  inicroeoGOi and 
staplTiylocooci whi,oh grew in  g lucose  ammonium phospliate medium a p p a re n tly  
d id  n o t produce any a c id ; n e i th e r  a u th o r , however made any deductions 
from th e se  oh ses: v a t ions#
I t  was a ls o  no ted  th a t  15 o f  th e  16 s t r a in s  capable o f  growing in  
g lucose  ammonium phosphate medlmi were s t r a in s  o f  yellow  pigm ented 
ndorocoooi unab le  to  u t i l i s e  g lucose i . e ,  H iorocoocue lu te u s  (page 137 )* 
and th e re fo re  th e s e  s t r a i n s  should  be ab le  to  u t i l i s e  glucose# Yet 
th e se  s t r a in s  we3:e ap p a re n tly  unab le  to  produce a c id  from g lucose  in  
Glucose Agas? Medium & o. 2* a lth o u g h  th e  same pH in d ic a to r  was p re se n t 
in  bo th  media. Balrcd-Parker ( 1965a )  reco rd s  th a t  some s t r a in s  unab le  to  
produce ao id  from g lucose  in  Glucose Agar Medium No* 1 grew in  gluoose 
ammonium phosphate a g a r , b u t he makes no comment on th e se  ap p a re n tly  
anomalous r e s u l ts #
From t h i s  com parison o f r e s u l t s  i t  would^ seem th a t  s t r a in s  v/Mch can 
grovf in  a sim ple medium, l ik e  g lucose ammonium phosphate a g a r , produce 
ao id  more e a s i ly  th an  when th ey  a re  growing in  a  oomplox medJ.um, lilco 
Glucose Agar Medium No# 2* Either? some of th e  components of the  
complex medium (e .g#  try p to n e  and y e a s t e x b rac t)  b u f fe r  sm all amounts 
o f  a è id  produced, o r  th e  complex medium allow s a  g r e a te r  number o f  
m etabo lic  pathways to  be produced by the  s t r a i n s ,  and consequen tly  th e re
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i s  a g r e a te r  l ik o lih o o d  th a t  a lk a l in e  oompomitdG would he ex o re ted  in to  
th e  mediuEi, and n e u t r a l i s e  any a c id  formed.
A co t o in  pro duct io n  8 The f i r o t  problem th a t  I  found was tlm t a o e to in  
p ro d u c tio n  by th e  406 s t r a in s  was d i f f e r e n t  in  th e  2 media u sed ,
A oetoin Medium Not 1 (g lucose  phosphate medium) and A oetoin Medium Ho* 2 
(u n b u ffered  g lu co se  b ro th )  -  th e  phosphate appears to  in f lu en o e  th e  
ao e to in  p ro d u o tio n , b u t th e  meohanism o f th e  phosphate on th e  ao e to in  
p ro d u c tio n  pathway i s  unknown. The taxonom ist has to  decide which o f  
th e  2 media, i s  b e s t  f o r  d e te c t in g  ao e to in  producing  s t r a in s  o f  m icrococoi 
and staphy loooco i a  d if f io u X t task*
Secondly, I  n o tic e d  th a t  some o f th e  s t r a in s  produced anomalouo 
b iochem ical r e a c t id lb  d i f f i c u l t  to  i n t e r p r e t ,  i . e .  ao e to in  was produced 
by some st3 :ains whioh on ly  o x id ise d  g lucose o r  d id  n o t u t i l i s e  g lucose 
a t  a i l  ( in c lu d in g  2 s t r a in s  o f  Miorooooous lu te u s  and 1 s t r a i n  o f M* ro s e u s ) . 
B a ird -P ark e r ( 1965a )  found th a t  a o e to in  y /q s  produced by 4 7 /^  of g lucose  
o x id is in g  raloa?ooQCci, and he reco rd ed  th e  f a c t  th a t  XOfo o f  h is  s t r a in s  o f 
Hioroooocus lu te u s  and M. ro seu s (m iorooocei a p p a re n tly  unable to  u t i l i s e  
g lu co se) Yf03:o weakly a o e to in  p o s it iv e *  BairdwParkm: (1963, 1965a) usod 
a e o to in  p ro d u c tio n  as  a main ch a ra c te r ' in  h is  c l a s s i f i c a t i o n  scheme, bu t 
he assumed th a t  th e  .ao e to in  producing  pathway v/as th e  same fo r  s t r a i n s  
ferm enting  g lu c o se , s t r a in s  o x id is in g  g lucose and s t r a i n s  im able to  
u t i l i s e  g lucose  a t  a l l .  I  comment on t h i s  assum ption s in c e  th e  known 
pathways o f a o e to in  p roduo tion  3?equire py^mvate a s  a  s t a r t i n g  p o in t ,  and 
py ruvate  i s  norm ally  produoed a s  a  r e s u l t  o f  g lucose  fe rm en ta tion?  s t r a in s
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n o t known to  ferm ent g lucose  must o b ta in  py ruvate  by diffes^ent means, 
eueh a s  deam ination  o f a la n in e ,  o r  ao e to in  may be formed d i r e c t ly  by 
th e  deliydrogenation o f b u ty len e  g lyco l#  Hot on ly  i s  i t  d i f f i c u l t  to  
r e l a t e  a o e to in  p3:oduot:lon by s t r a in s  to  t h e i r  g lucose  r e a c t io n s ,  b u t 
i t  appears th a t  th e  a o e to in  producing  system , a t  l e a s t  i n  Stanhylocooous 
a u re u s , i s  on ly  developed i f  a c id  i s  produced by s t r a i n s  during  growth 
(W att & Weiicman, 195%)* C le a r ly  s t r a i n s  in cap ab le  o f  p roducing  ao id  
from g lu co se  in  a  g lu co se  medium could  no t produce a o e to in , and y e t  I  
and B a ird -P a rk e r (1963) have reco rd ed  from our r e s p e c t iv e  p h y s io lo g ic a l 
t e s t s ,  t h a t  a  fev/ s t r a in s  o f  m iorocoooi a re  capab le  o f p roducing  ao e to in  
w ithou t p roducing  a o id  from g lu c o se , even under a e ro b ic  co nd itions#
Those anomalous re a c t io n  can b e s t  be ex p la in ed  by th e  assum ption 
th a t  th e  a o e to in  producing  s t r a i n s  produce a t  l e a s t  a l i t t l e  ao id  
from th e  g3.ueose in  th e  ao e to in  m edia, bu t sm all amouxxts o f  a c id  
produced by th e  same s t r a i n s  in  a complex g lu co se  medium a re  r a p id ly  
n e u t r a l is e d  b e fo re  th e  co lo u r o f  th e  pH in d ic a to r  can be changed.
The use  o f  g lucose#  im n n ito l and la c to s e  u t i l i s a t i o n ,  and a o e to in
3?roin th o se  observations 
I  co n sid er th a t  a l l  M orocooous s t r a i n s  u t i l i s e  g lu c o se , and p robab ly
** \\ 4
o th e r  su g a rs , when th ey  a re  grown in  th e  a p p ro p r ia te  sugar m edia, bu t 
in  th e  course  o f  m etabolism  l i t t l e  a c id  i s  produoed, and t h i s  i s  
n e u t r a l i s e d ,  more in  a  complex medium than  in  a  sim ple medium, by th e  
a lîc a lin e  p ro d u c ts , a r i s in g  from o th e r  m etabo lic  pathways du rin g  th e  
growbh o f th e  s tr a in s #
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I t  sGoras to  mo th a t  th e  d é te c t io n  o f ao id  from g luopse and other»? 
sugars undoj? ae ro h io  and anaeroh io  oond itione should  n o t he used  as 
m ajor c h a ra c te rs  in  th e  o la s s i f io a t ib n  of Gram p o s i t iv e ,  c a ta la s e  
p o s i t iv e  c o c c i• I  have shown th a t  th e  complex medium Glucose Agas:
Medium No* 2 , proposed hy th e  Suhoommittee on Taxonomy o f 
Stapî)yloooooi and M o re  coo c i  ( 1965b) to  he th e  s ta n d a rd  medium used 
fo r  th e  s e p a ra tio n  o f s t r a i n s  in to  th e  genera.# S taphTlQcooGus and 
M orocooous, i s  u n s a t i s f a c to ry ,  s in ce  some s t r a in s  growing in  th e  
medium produce a c id  not d e to o tah le  by a co lour change in  th e  pH 
in d ic a to r .  Kocur & M ortensen (196?) and Gibson (196?) have* a ls o  
found th a t  a c id  p roduo tion  by s t r a i n s  of Gram p o s i t iv e ,  o a ta lao e  
p o s i t iv e  c o c c i, growing in  t h i s  medium, i s  u n s a t is f a c to ry  as a  
c r i t e r i o n  f o r  div3.ding th e se  s t r a i n s  in to  2 c le a r -o u t  g roups,
ML^oooofiaa ana SjWigloooQmm'
O xidation  and fe rm en ta tio n  o f carboliydratos i s  p robab ly  b e s t  
d e te c te d  by examining v/ashod re  sp ir in g  c o l ls  o f  th e  s t r a i n s  to  be c l a s s i f i e d  
in  a  Warburg a p p a ra tu s , b u t th e  method i s  tim e-oonsiuaing and i t  i s  
u n lik e ly  th a t  i t  would bo used  fo r  s tan d ard  c l a s s i f i c a t i o n  pu3:poBos.
An a l t e r n a t iv e  method o f  t e s t i n g  f o r  th e  u t i l i s a t i o n  o f a carbohydrate  
i s  to  t e s t  fo r  th e  d isappearance o f th a t  carboby<h:ate from a medium 
during  grow th o f  an organism , bu t no such t e s t  i s  y e t  in  e x is te n c e .
Thus, a t  th e  moment, th e re  i s  no sim ple, s a t i s f a c to r y  way f o r  
determ in ing  w hether a  Gram p o s i t iv e ,  c a ta la s e  p o s i t iv e  s t r a i n  i s  
fe rm e n ta tiv e , o x id a tiv e  o r  unab le  to  u t i l i s e  "su g ars"  a t  a l l ,  and
•  1 7 0  -
th e re fo re  fe rm en ta tio n  o f g lu co se  should no t he th e  so le  t e s t  fo r  
c la s s i fy in g  th e se  s t r a in s  in to  th e  genus Miorocooous or the  genus 
B taphyloopCGus s ao id  p ro d u c tio n  o f oarhohydrates should  he g iven  
equal w eight ? /ith  o th e r  c h a ra c te rs  in  any o la s s i f i c a t io n  soheme of 
th e se  organisms*
S im ile irly , because o f th e  la ck  o f a  s u i ta b le  ao e to in  meclium, and 
th e  la c k  o f knowledge o f th e  a o e to in  producing pathvmy in  m iorococci 
and staplTyloooooi, I  consider th a t  i t  v/ould be tmvd.se to  use ao e to in  
p3?oduotion a s  a main o h arao te r  f o r  c la s s i fy in g  th e se  organism s.
GoQ^ a a e  procluotion
Binoe a few coagulase n eg a tiv e  members o f th e  M prococcacaae have been 
shorn to  cause d is e a s e , th e  o h a rao te r  o f coagulase p ro d u ctio n  can no 
longer be co n sid ered  to  be u n iq u e ly  a s so c ia te d .w ith  pathogen ic 
s taphy locooo i (page 3T4 )» and a ls o  th e  o h arao te r oannot, by i t s e l f ,  
be considered  to  be the  so le  c r i t e r io n  of th e  sp e c ie s  3tâu}iylocoacuQ 
aureus (B a ird -P a rk e r, 1965a; Kocur I 966) .  B a ird -P o rk er (1965a)
i s  o f th e  op in ion  th a t  S* au reus i s  defined  a s  be ing  p o s i t iv e  in  2 o f  
th e  fo llo w in g  3 b iochem ical r e a c t io n s  » coagulase and phosphatase 
p ro d u c tio n , and m annito l ferm en ta tion*  Ko our e t  ^ *  ( 1966) found th a t  
5/S o f coagulase n e g a tiv e  s t r a in s  could produce one or inoro o f th e
or S ’-' haem olysin , a l l  fo rm erly  thought to  bo u n iq u e ly  a s s o c ia te d  
w ith  coagulase p o s i t iv e  S tapJ^lococous aureus s tr a in s *
I  found, in  iiy c h a ra c te r is a t io n  o f th e  406 s t r a i n s ,  th a t  a few 
coagulase n e g a tiv e  s t r a i n s  p o ssessed  p h y s io lo g ic a l c h a ra c te rs  ty p ic a l
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o f  the  eoagulaso p o s i t iv e  o taphyloooooi ao e to iii aucX phosphatase 
p roduo tion  and m ann ito l f03?mentatlon; in  a d d itio n  a  few coagulase 
positiTO  s tap h y lo co o o i lacked  th e  c h a ra c te rs  o f  m annito l o x id a tio n  
and ferm en ta tion*  I  c o n s id e r , th e r e fo r e , th a t  i t  i s  unwise to  
t r e a t  coagulase p ro d u o tio n  a s  th e  so le  oliaractoj? f o r  d e f in in g  a 
taaiouomio gsoup i . e .  gW lZ& asam m
ion -
S ev era l taxonomie t e  have used  th e  p roduotion  o f phospîiatase a s  a  
c h a ra c te r  in  o l a s s i f i c a t io n  schemes o f  iiiicroGOOoi and staphy locooo i ? 
i t  i s  c le a r  th a t  th e  in c u b a tio n  tim e i s  an im portan t f a c to r  in  
determ in ing  th e  p3?oductioii o f phosphatase by th e se  organism s (page S"5). 
S ince I  used  th e  same in cu b a tio n  tim e as  B a ird -P ark er ( 3.963, IgG ga), I  
can compare my r e s u l t s  w ith  h is  (Table 3?)*
Table 37
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R e su lts  
p re se n ted  
in  t h i s  
th e s i s  
(page l ( |l  )
No. O f




s ta p h s .
XJ*tpMi.Mr.-.  -----
24
ç j  a go 
phosphatase  
4* ve
Ho* o f : 







s t r a in s
examined
21
j5 age  ^




s ta p h s .






■ "T tt*— 1*1 IIÉ--I I "mn-iM-fiMi'i-riii r fn # r  m i iM f  i n r f - i  , i  i, r w in r  ' iTiii<~thm i r r i n T . r i  tfi T r u f iM ff i
Glucose
o x id is in g
m ioroooooi
6Qt
arwupfSit VK v>A 4 a
M orooocoi 
unable to  











-  172 «i
There i s  agreem ent between niy r e s u l t s  and B alrd-Parker*B  (l963ÿ-1965a) 
r e s u l t s  a s  f a r  a s  th e  p ercen tag e  o f phosphatase p o s i t iv e  s t r a i n s  in  - 
2 o f th e  4 a r b i t r a r y  groups - th e  coagu lase p o s i t iv e  stapliylOQOcci and ■ 
th e  m icrococoi unab le  to  u t i l i s e  g lu co se  « i s  concerned# I t  i s  q u i te , . . 
c l e a r ,  ho?/ever, from, th e  r e s u l t s  p re se n ted  in  T able 37 th a t-m o s t o f  
th e  coagu lase n e g a tiv e  staplTyloGOcoi and most o f  th e  g lu co se  o x id is in g  
m iorococci th a t  B a ird -P a rk e r ( 1963) s tu d ie d  were d i f f e r e n t  i n  
phosphatase, p roducing  a b i l i t y  from  th e  s t r a in s  from th e  same 2 a r b i t r a r y  
groups th a t  B a ird -P a rk e r  ( 1965a )  and I  stud ied*  B a ird -P ark e r ( 1965a )  
has n o t commented on, th e  d if fe re n c e  in  th e  number o f  phosphatase 
producing  s t r a i n s  in  th e s e  2 groups in  h is  2 c l a s s i f i c a t i o n s  of 
s tap h y lo co cc i and m iorococci (1963 and 1965a)* Even a lth o u g h  th e  
s t r a in s  exsEilned in  the, 3 schemes p re se n ted  in  Table 37 were d i f f e r e n t  
th e y  were a l l  o b ta in ed  from broad  s p e c tra  o f  so u rc e s , and X would 
eocpeot a  c lo s e r  c o r r e la t io n  of f in d in g s  in  th e  ooagulase n eg a tiv e  
stap îiy loooco i and th e  g lu co se  o x id is in g  m iorocoooi th an  i s  th e  ca se , 
i f  phosphatase p roducing  a b i l i t y  i s  thought to  be c h a r a c t e r i s t i c  o f 
subgroups v /ith iu  th e se  2 g ro u p s. In  f a c t  th e  c h a ra c te r  o f phosphatase 
p ro d u c tio n  cannot bo c o r r e la te d  w ith  any o th e r m orphological or 
p h y s io lo g ic a l o h a ra o te r  e i th e r  from eqt r e s u l t s  o r from B a ird -P a rk e r 
( 1963; 1965a ) ,  and B a ird ^P a rk e r ' s ( I 963? 1965a) d e c is io n  to  d iv id e  
s t r a in s  o f m iorocoooi and stap h y lo co o o i in to  subgroups on th e  b a s is  
o f  phosphatase  producing  a b i l i t y ,  among o th e r  o h a ra o te rs , i s  an a r b i t r a r y  
one.
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T h ere fo re , I  can f in d  no reaso n  from p u b lish ed  r e s u l t s  o r  Ey ovax 
r é s u l t é  f o r  any taxonom iet to  re g a rd  phosphataeo. produoing a b i l i t y  
as  a main c h a ra c te r  in  a  o la e o i f ic a t io n  scheme o f  EilGrocpooi and , 
s taphylocoooi*  ' '
The use o f pigm ent 'p roduction  a s  a ch a ra c te r  in  p u b lish e d  c l a s s i f i c a t i o n  
schemes o f m ioroooooi and stap liy lo co co i i s  reviev/ed on page |  pigment
p ro d u c tio n  i s  dependent on th e  com position o f th e  media used and th e  
i n t e n s i t y  o f  th e  l i g h t ,  and , in  a d d i t io n , pigm ented s t r a i n s  can 
sometimes lo s e  th e  a b i l i t y  to  produce the  pigment* I  found th a t  
p ig m en ta tio n  d id  no t c o r r e la te  w e ll w ith  any o th e r  p h y s io lo g ic a l 
c h a ra c te r  in  th e  406 s t r a in s  t h a t  I  examined, excep t in  th e  group o f  
b io ch em ica lly  weak m icrococoi (page ; Sohemo 1 , pocket in s id e
f ro n t  cover)*
In  p a r t i c u l a r ,  i t  i s  v/03?th commenting on th e  taxonom ic s ig n if ic a n c e  
o f  p igm en ta tion  in  th e  fo llo w in g  2 o rganism s,
a, unique v io le t  pigm ent, y e t  th e  s t r a i n  th a t  I  
s tu d ie d  p o ssessed  a l l  th e  o th e r  p h y s io lo g ic a l c h a ra c te rs  typioa.1 
of s t r a in s  o f 5 t aphylocooous ^ixid e rim ldisf a lthough  i t  i s  unusua l in  
be ing  path o g en ic  f o r  humans ( C a s to l la n i ,  1955)* X ,th e re fo re , 
confirm  th e  o p in io n s  o f Kocur & M artinoo ( 1963a )  and B a ird -R arker 
( l 9 0 a )  th a t  M* v io la g a b r ie l l ae i s ,  in  f a o t ,  a  p a th o g e n ic , v io l e t  
pigm entod s t r a i n  o f  S tanhylococcus enidexmiidi s  * BJ.ack pigm ented 
8# f j-o y p ^ a n e i^  p o ssessed  many pliy s ic  lo g ic a l  c h a ra c te rs  in  common
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w ith  Micro COQ eus lu te u s , and, th e re fo re ,  I  agree w ith  Ko our & M artineo 
( 1963a )  th a t  S* flavoojaiieuB  should  he a re o la ss if ie d  aa a s t r a i n  o f  ■
M* lu teu s*  The p ro d u c tio n  o f unusua l pigm ents by e t r a in s o f  m icrococoi 
and s tap h y lo co o o i, th e re fo re ,  does n o t n e c e s s a r i ly  xnM cate  th a t  th e se  
s t 3?ains p o ssess  o th e r  unusual p h y s io lo g ic a l c h a ra c te r s , and p igm en ta tion , 
f o r  th e se  s t r a i n s ,  should  n o t be used  as a main o h a rao te r  in  t h e i r  
c l a s s i f i c a t i o n  #
Most s t r a in s  ( '  / 48) in  th e  group im able to  u t i l i s e  g lucose  were 
e i th e r  yellow  or re d  pigm ented m iorocoooi (page )# U n fo rtu n a te ly  
i t  i s  c d f f i c u l t  to  compare th e  p ro d u c tio n  of r e d  and yellow  pigm ents 
w ith  o th e r  p liy s io lo g lo a l c h a ra c te r s ,  because o f  th e  r e l a t i v e  bioGhemioal 
i u a c t i \ d ty  o f s t r a i n s  in  t i l l s  g roup . The p ro d u ctio n  o f yellow  and re d  
p igm ents, however, c o r r e la te s  w e ll w ith  e le c tro p h o re t ic  c h a ra c te rs  
(Scheme 2; pocket in s id e  back c o v e r) .
In  o l a s s i f i c a t io n  o f m icrococoi and s tap liy locooo i, th e re fo r e ,  tho  u se  
o f p igm en ta tion  as  a  main c h a ra c te r  i s  n o t j u s t i f i e d  except in  th e  
d iv is io n  of th e  group o f  m iorococci unable to  u t i l i s e  glucose*
From th e  5?esuits o f my exam ination o f th e  49 m orphological and 
p h y s io lo g ic a l cha^aotex^s o f th e  4 ^6  s t r a i n s ,  I  fo m d  th a t  yellow  and 
re d  p igm en ta tion  cou ld  be u sed  to  d iv id e  th e  M o r0co cc i u m b le  to  
u t i l i s e  g luooso in to  2 n a tu ra l  g roupings -  Miorocooeus lu te u s  and 
M* 3?espeotivGly « th e s e  a re  th e  only  o h a ra o te rs  ab le  to  s a t i s f y
th e  c o n d itio n s  l a id  down on page fo r  th e i r  u se  as  main 
o h a ra o te rs  in  a  o la s s i f i c a t io n  scheme*
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ïhorefo3;oj siîioe  so few olm^aotox’s could Toe u sed  v a l id ly  ao main 
o lia ra c te rs  in  an a rM tx 'c ry  o la a o ir ic a t io n  scheme o f th é  406 s t r a in s  
o f  nrlcrooocci and s ta p h jlo o o o c l, I  had to  c l a s s i f y  s t r a i n s  by the  
Ada-nsoniaxx way* ■
s m m m  a
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MBS ADMîSOIfîM OUSSIFICATIOIT SCHBIiSI! OP ÏHE 406 STM.BTS BASED 
m  MORPHOLOSICAL AÎSD, PHYSIOLOGICAL CILIMCTEKS
Introdu<3tj.on
O rig in a lly  I  in te n d ed  to  tak e  a l l  th e  ïaorpho lpg ical and p h y s io lo g ic a l 
o h a rao te rs  o f th e  406 s t r a in s  ? and an a ly se  th e s e ,  w ith  th e  use o f a  
com puter, in  o rd e r  to  f in d  th e  s im i la r i ty  va3.ues o f  th e  s t r a i n s ,  and 
from t h i s  in fo rm a tio n , I  would c o n s tru c t a  nu m erica l taxonomic 
Adansonian c l a s s i f i c a t i o n  scheme* U n fo rtu n a te ly , th e  tim e tak en  to  
p rep a re  th e  m a te r ia l  f o r  th e  computer was g r e a te r  th an  I  had o r ig in a l ly  
a n t ic ip a te d  -  th e  g r e a te s t  niimber o f s t r a in s  to  he compared by computer 
a n a ly s is  in  one ru n  i s ,  to  ïi^ knowledge, le s s  th an  40O* T h e re fo re , 
a lth o u g h  I  am hoping to  c re a te  a  num erical taxonom ic c l a s s i f i c a t i o n  
scheme, based  on m orphological and p h y s io lo g ic a l c h a ra c te rs  in  th e  ■ 
n e a r  f u tu r e ,  I  am unab le  to  p re se n t t h i s  in  th e  th e s is *  In s te a d , I  
c o n s tru c te d  an Adansonian c l a s s i f i c a t i o n  soheme, 1%th o u t th e  use o f  a  
com puter, in  vdiicli a s e le c te d  number o f  th e  m orpholog ical and 
p h y s io lo g ic a l c h a ra o to rs  were t r e a te d  as equal f o r  taxonom ic purposes* 
C la s s i f ic a t io n  r e s u l t s■«(*■» tiMnwi :!A w*n
A ll th e  406 s t r a i n s  were compared f o r  t h e i r  49 m orphological and 
p h y s io lo g ic a l  c h a ra c te rs ,  and I  found t l ia t  th e  s t r a i n s  v a r ie d  
c o n s id e ra b ly  i n  th e  number o f c h a ra c te rs  they  p o ssessed  i* e .  th e re  
a re  many in te rm e d ia te  groups o f s t r a in s  between th e  coagu lase 
p roducing , g lu co se  and m am iito l ferm en ting  s ta p h y lo c o c c i, and th e  yellow  
and re d  pigm ented, b io ch em ica lly  weak mioroooooi* :
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Very few o f  th e  406 s tm in s  shared  id e n t ic a l  com binations o f
V
c lia ra o te rs , and i f  th e  com plete c h a ra c te r is a t io n  of eaoh in d iv ld im l 
s t r a i n  v/ao g iven  in  ^ t a b l e ,  th e  ta b u la te d  in fo rm atio n  vmuld ex tend  
fo r  p ag es5 t h i s ,  I  f e e l ,  would be o f  l im ite d  v a lu e , s in c e  th e re  
would be approx im ately  40O d i f f e r e n t  oonM nationB o f c h a ra c te rs ,  
each one .o f which could  be c a l le d  a ‘'n a tu ra l  grouping"* The f a c t  
th a t  most s t r a i n s  o f m ioroeoooi and staphyXocoooi f a l l  in to  v ery  
many groupings can , X tM n k , be e q u a lly  w ell shown in  a  sohemo of 
sm a lle r p ro p o rtio n s* ' The 4O6 s t r a in s  were c la s s i f ie d ^  as shomi 
in  Scheme 1 (pocket in s id e  f r o n t  co v e r) , by th e  Adansonian p r in c ip le  
on th e  b a s is  o f  th e  r e s u l t s  o f 14 p liy s io lo g ic a l c h a ra c te rs ,  which 
have boon used  a s  main c h a ra c te rs  f o r  th e  c l a s s i f i c a t i o n  o f 
m iorooocoi and s tap h y lo co c c i by o th e r  tanconOimiste (T ab les 2 , 3 , 4 and 5) 
c a ta la n e  p ro d u c tio n , w h ite , y e llo w , go lden , r e d , and o th e r  pigment 
p ro d u c tio n , g lu co se  o x id a tio n  and fe rm en ta tio n , m ann ito l o x id a tio n  
and fe rm e n ta tio n , pho sp h a tase , a c e to in , and coagu lase  p ro d u c tio n , 
and s ta rc h  iiy d ro ly sis*  The c h a ra c te r  o f yellow  p igm en ta tion  inc lu d o a  
a l l  shades o f ye llow  exclud ing  g o ld en . Each o f th e se  c h a ra c te rs  i s  
t r e a te d  a s  being  eq u a l f o r  c la s s i fy in g  s tra in s *  Every d i f f e r e n t  
com bination o f c h a ra c te rs  c o n s t i tu te s  a d i f f e r e n t  g^oup in  Scheme 1 , 
a lth o u g h  X tiave used  p igm en ta tion  as a grouping c h a ra c te r  only f o r  th e  
lalcroGDôoi unab le  to  u t i l i s e  g lu c o se , and fo r  m icrococoi in  Baird-* 
P a rk e r ’s ( 1965a) Marcoooocuo subgroup 6 , s in ce  i t  i s  only  fo r  th o se  
organism s t l ia t  p igm en ta tion  has been shorn to  bo an im portan t
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c r i t e r i o n  f o r  oXaâBifiGation. i n  re c e n t y e a rs  (Koour & M artin eo , 1962, 
Baircl*Parke3?ÿ I 963* 1965a). The symbols r e l a t i n g  to  th é  
O h a ra o te r is tio a  of a  s t r a i n ,  o r a group o f s t r a i n s ,  i s  g iven  in  
Scheme Ig a  n e g a tiv e  c h a ra c te r  i s  reco rded  a s  a b lan k  sone.
A ll to g e th e r ,  th e re  a re  52 p h y s io lo g ic a l groups in  Scheme 1* On 
th e  c h a ra c te r i s a t io n  o f th e  406 s t r a i n s  by th e  14 p h y s io lo g ic a l 
c h a ra c te rs  th e re  a re  on ly  2 grotips of s t r a in s  which appear to  s ta n d  outs* 
1 ) th e  ca ta lQ se  n e g a tiv e  s t r a i n s ,  and 2) th e  ooagulase p o s i t iv e  
s t r a i n s ,  and even th e s e  groups a re  n o t c le a r  out* Most o f th e  406 
s t r a i n s  a r e ,  in  f a c t ,  in  a  la rg e  heterogeneous g roup , and th e re  i s  
no d iv is io n  o f  th e s e  s t r a i n s  in to  2 w e ll d efin ed  main g ro u p s, which 
would correspond  to  th e  g en era  Miorococous and S taphy lococcus. îîven 
i f  a d iv is io n  o f  th e  s t r a i n s  in to  2 p h y s io lo g ic a l gp:oups wao d e s ir a b le ,
1 would n o t choose g lucose  fe rm e n ta tio n  as th e  d iv id in g  c h a ra c te r  
(c*f* Evans e t  a l *, 1955? B airdm Parker, 1965a), b u t g luooso  o x id a tio n , 
s in c e  th e  l a t t e r  c h a ra c te r  seems to  se p a ra te  th e  group o f b io ch em ica lly  
a c t iv e  s tra i .n s  from th e  group o f  bioohem j.cally weak s t r a in s  (Scheme l)*  
h e v e rth e le sB , th e r e  a re  many in te rm e d ia te  g^?ouxiings between th e  
b io ch em ica lly  a c t iv e ,  and th e  b io ch em ica lly  weak groupings# T h e re fo re , 
I  am o f th e  o p in io n  th a t  th e  m o rooooo i merge in to  th e  staphylooooox, 
and i t  would appear th a t  no one m orphological o r p h y s io lo g ic a l c h a ra c te r  
can se p a ra te  them ,
S ince i t  i s  nov; g e n e ra lly  reco g n ised  th a t  M orqoopcii^ i s  a  v a l id  
g e n e r ic  name (pago ) ,  X co n s id e r th a t  a l l  Gram p o s i t iv e ,  c a ta la s e
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p o s i t iv e  coco i should  he p laced  in  th e  genus Mioroooocus i» e ,  a l l  
th e  s t r a in s  th a t  I  c l a s s i f i e d ,  excluding  th e  3 c a ta la s e  n eg a tiv e  ones, 
(403) should  ho members o f th e  genus ÎCierocooGus, : In  t h i s  s ta tem en t 
I  ag ree  w ith  th e  taxonomic p o s i t io n  taken  by Breed (1954) und Huoker 
(1954} iu  th e  6 th  e d i t io n  o f  Bei'gey*s Manual (1946) and Van B s e lt in e
( 1955) .
Another im p o rtan t conclusion  a r i s in g  from t h i s  c l a s s i f i c a t i o n  i s  
t l ih t 'n o  re c e n t c l a s s i f i c a t i o n  scheme, based on m orphological and 
p h y s io lo g ic a l c h a ra c te rs  can be used  fo r  c la s s i fy in g  a l l  th e  463 s t r a in s  
o f Gram p o s it iv e ?  cevtalaco p o s i t iv e  co cc i in to  s p e c ie s , g roups, o r 
subgroups ; even th e  most com prehensive o f th e se  schemes, th a t  of 
B aird-'Parker ( 1963, 1965^), could  be used to  c l a s s i f y  on ly  307 o f th e  
403 s t r a in s  (Scheme l ) .  B a ird - l 'a rk e r ’s (1963 ?  196$a) 6 Stapby lo c o 0 quo 
subgroups and ^ lilo ro cppcus subgroups a re  shown in  Scheme 1 o p p o site  th e  
com bination o f c h a ra c te rs  t l ia t  d e f in e s  h is  subgroups* Only a sim ple - 
scheme, l ik e  th a t  of Shav/^et a l* ,  1951 (Table 3)? could  be used  to  
c l a s s i f y  a l l  th e  s t r a in s  bu t t h i s  c l a s s i f i c a t i o n  scheme i s  no longer 
r e o o i^ is e d  by taxonom ists* C lea rly  an u n s a t is f a c to ry  s t a t e  e x i s t s  in  
th e  taxonomy o f m icrococoi and s ta p h y lo co c c i, i f  about one q u a r te r  o f 
th e se  s t r a in s  cannot be c l a s s i f i e d  by any reco g n ised  c l a s s i f i c a t i o n  
scheme based  on m orphological and p h y s io lo g ic a l ch a rac te rs*
S ince I  d id  n o t ach ieve a  s a t i s f a c to r y  c l a s s i f i c a t i o n  o f  th e  406 
microGoccal and s tap h y lo co cca l s t r a i n s  in to  n a tu r a l  g roupings w ith  
m orphological, and p liy s io lo g ic a l c h a ra c te rs , I  dec ided  t h a t ,  owing to
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th e  success o f taxonom ists in  c la s s i fy in g  v a rio u s  ty p es  o f b a c to r ia  
by thq  use  o f e le c tro p h o re s is  (Table 3 8 ), I  would examine th e  4O6 s t r a in s  
f o r  e le c t ro p h o re t ic  c h a ra c te rs  (page I8l )•
SKC'HOH B
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EEECÏROPlîOffiSlS AS A ÎAXOHOÎIIC ÎÛQL
Tiaeliu» (1937W was the first person to usa the teolmique of 
eXeotrophoreois to separate a mixture of proteins? using moving 
boimdary eleotrophoresis in freo solution, ho showed that serum 
contained several protein compononta* Although accurate mobilities 
of proteins can bo measured with the moving boundmzy method, it  has 
the disadvantagea of requiring a large size of sample (50 mg#), 
poor resolution of protein components, and a largo and complex 
apparatus#
The moving bomdary method has bom since superseded by gone 
Glootrophorosis in  so lid  supporting media for the séparation of soluble 
feaotions of plant and animal tissues into protein oomponentn,whioh 
are stained in  the media %  a specific protein stain# 0one 
electrophoresis Ms advantages over the older method, as i t  gives 
rapid separation of components in  small amounts of sample material 
in  a re la tiv e ly  simple apparatus# F ilte r  paper was the orig inal 
material used for the supporting medium (Cremer T ise lius, 1950), but 
agar gels (Gordon ^  a^#, 1950) and cellulose acetate membranes 
(Kolm, 1957) are now widely used# These in e rt supporting media are 
used, sinoe they minimise diffusion durijig separation, and in terac t 
with proteins an l i t t l e  as possible, but they do not give complote 
resolution of proteins#
%cno electrophoresis in strong gels i«©# gels oxer ting a sieving
«  1 8 2
action upon tho moXeoular pizo of proteino, in addition to the 
separation dependent on eleotrio oJmrge, rooolvea plant and animal 
tiesuo OKbraoto into protein components imoh better tWi elootro|iliox’eais 
in inert media* The first of these gels were oomiiosed of starch 
(smithlea, 1955),  but more recently another medium #- that of 
polyaorylomido » for gel oXeotrophoroBis was introduced by Beymond & 
Weintrauh (1959)* PoXyacryXamido gels have certain advantages over 
starch gels for zone electrophoresis «* polyacrylamide gele can he 
made mo3:e -quickly, can he uaod over a wider concentration range, 
can ho used with a wider range of buffers, and are less fragiXe to 
handle? in addition, polyac33yXmM.de ^ale aro oompXetely transpa3?eut, 
miXike star oh go la, which are opaque#
î i^zyiaoa wore f i r s t  demonstrated in  starch g e ls , hy Hunt or &
I&trkert (1957) ,  who oleotrcphoreaed himn tiseue ex trac ts , and 
stained the gels for zones, tiaually termed hands, of esterase activity* 
Al’lihough Gotoraaes can hydrolyco a number of organic es te rs , esterase 
ac tiv ity  is  nornml3y dofinod as the a b ility  of an ensyiae to  release 
naphthol from a  suhctrate composod of an organic acid ooter of 
o<-naphthoX e*g# o4»naphthoX acetato* Many other onzymea such as 
la c tic  deîurdrogonasés (Markert & Moller, 1939), aminopoptidasea 
(lea^menoe e t a l . ,  I960) per oxidases (Hughes, lg 5 l) , and cataluses 
(Paul Bi FottrelX, Igd l), havo been detected in  starch gola a fte r  
olectrophorosis of human end animal tissuo extracts#
MuXtiraoleouiar forma of enzyims, termed isozyaies by Markort à MolXor
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(1959), have been recorded in  zone electrophoretic studios of 
bacteria l ex tracts , and extracts of plant and animal tissues* The 
mobility of enzymes, eleotrophoreoed across starch or polyacrylamide 
gels, depends on th e ir  molecular size, shape, and also th e ir  charge? 
isozymes occur where enzymes v/ith the same function are different in 
one or more of these 3 physical characters.
The use of zone electrophoresis in c lassifica tion  of bacteria 
In taxonomic studies of bacteria , starch and polyacrylamide gels are 
the supporting media that have largely been used for zone 
electrophoresis* Separation of bacterial proteins by electrophoresis 
was f i r s t  noticed by Rosenkast & Clausen (1962), and in  the same year 
Morris detected esterase isozyme bands in eleotrophoretically*^run 
d isin tegrates of 5 Bacillus species* Since then many taxonomists 
have tried  to c lassify  bacteria by zone electrophoresis and summaries 
of th e ir  resu lts  are lis te d  in  Table 38 . A ll these authors seem
to  find a correlation between the grouping of s tra in s  by th e ir  
oleotrophoretio protein or enzymic patterns and grouping by other 
c r ite r ia  i . e .  morphological, pliysiological or serological characters . 
Oritioism of the annlications of zone electrophoresis for the 
c lassifica tion  of strains in  the family Moroooccacaae 
L ittle  work has been done to  try  to classify  stra ins within the family 
Micrococoaoeae by the technique of zone electrophoresis. The study 
of Stanhyloooocua aureus by Rosenlcast & Clausen (1962) was carried out 
by eleotrophorioing 3 autolysed strains (each of which was a
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3,64 "*
r e p re s e n ta t iv e  o f one o f  Cowan's, 1939, 3 s e ro lo g ic a l  groups) on 
a g a r , and th en  s ta in in g  f o r  p ro te in *  A lthough th e s e  au th o rs  saw 
th a t  each s t r a i n  had one d i s t i n c t  p ro to in  hand vrith  a  d i f f e r e n t  
m o b ility  from th e  o th e r  bands, Roscnlcast & Clausen (1962) could  
h a rd ly  bo j u s t i f i e d  in  concluding  th a t  S tauhv lp00ooua aureus could  
be d iv id ed  in to . 3 p ro te in  g ro u p s, which correspond to  Cowan's (l9 3 9 ) 
s e ro lo g ic a l  groups* The reaso n s f o r  my c r i t i c i s m  o f  th o se  
co n c lu sio n s a ro  a s  follow s® - ' ' '
1 ) th ey  used  on ly  3 s t r a i n s ,  which i s  a, very  sm all number f o r  any 
taxonomio study*
2) th e  c o l l s  o f  th e  s t r a in s  were allow ed to  a u to ly se  b e fo re  
e le c tro p h o re s is  was c a r r ie d  out# many changes cou ld  ta k e  p la ce  in  
th e  c e l lo  th a t  would a l t e r  th e  n a tu re  and th e  numbers o f  p ro te in s  
du rin g  t h i s  p rocess*
3) th e  a u th o rs  d e te c te d  on ly  1 d i s t i n c t  p ro te in  band fo r  each s tra in *  
The more re c e n t work o f I%md (l9& 5), B a ird -P ark er ( 1965a ) ,  and 
Robinson (1966a ) dem onstrated , however, th a t  a l l  t h e i r  re s p e c tiv e  
s t r a in s  o f  b a c te r ia  (Table 3 8 ) had complex e le c t ro p h o re t ic  p ro te in  
p a tte rn s*  T hat th e se  l a s t  au th o rs  found many p ro te in  bands in  every  
s t r a i n  i s  p robab ly  because th ey  used  s ta rc h  or polyaorylam ide g e ls
as su p p o rtin g  m edia, whereas Rosenkast & Olausen ( 1962) used  an ag a r 
g o l ,  whioh i s  n o t th e  b e s t su p p o rtin g  medium f o r  zone e le c t ro p h o re s is .  
I t  i s  p o s s ib le  th a t  a f t e r  a u to ly s is  o f  the  c e l l s ,  th e  3 p ro te in s  which 
rem ained, and were d e te c te d  by Rosenkast & Clausen (1962% were
ÏG5
, Gowau's ,(l939) 3 aggtobinogensp but more s tra in s  must be examined
V and 'be tter, su p p o r tin g . medl^a, f o r  zone .e le c tro p h o re s is  used  b efo re
t h i s  s ta tem en t oould 'bo made .with confidence •- '
. B a lrd -’P ark er '"(igëSa) examined 46, s t r a in s  o f : m icrococoi and 
stap h y lo co co i. fo r. e leo tro x fn p re tic  p ro te in  p a t te r n s ,  h u t he does 
. no t show 'any phOtographb or diagram s in  M s paper®, He found th a t  
p a t te r n s  v/ere " o h a ra c te r is t io "  o f 5 tap h y lo 00oeus subgroups II® I I I*  
IV and "V and Ml or oooccus, subgroup» 0 (Table 5)? but S taphylococcus 
y / subgroups I. and VI a p p a re n tly  gave . a  v a r ie ty  o f  . p a tte rn s ; v /ith in  a 
subgroup® I t  seems to  me ■iliat 'i3aird-Parlœ r (1965a )  i s  u n c e r ta in  
; o f the  s ig irifiçancG  o f h is  r e s u l t s  and, h is  co rn en ts -are .not very  
; h e lp fu l tow ards th e  so lu t io n  o f th e  taxonomic problem s o f m ioroeoooi
■ ■ and s ta p h y lo co o o l, • . . . :
’ .g ’. . T h e re fo re , a t  p re s e n t ,  th e re  i s  n o /s a t is f a o to ry  e le c tro p h o re t ic
-C la s s if ic a t io n  scheme of,m icrocooox and staphy lococci*
iSEGSlO» B
®,,ECÏHOPHOHFÆÏC AÎÎALYSIS OF C15LL COSl’lH ÏS
OF s m i w s  OF MieRococei & m  s ï a p h i lo c o c c ï
MAÏERÏALg AMD ME'fHODS
■" , .• y  . - ■ . V g : -  - ■
Pm3P#ATI0M OF CELI, OOETmTS FOR BLEÇmOPÏIO#8I8 I  ' - - \
C e lls  o f a l l  406 s t r a in s  o f m icrooocoi and staphy iooooci: wQ2?e. • -
■grown in  h a tch , ou itu r e s ,  h a rv e s te d , and th e n ' d ls in teg x ‘a te d  to . r e le a s e
th e  sq lu h le  co n ten ts  o f  th e  c e l l s .  In  T).rolii\v.Uiary experim ents i t
had been shown th a t ’ th e  so lu b le  c e l l  co n ten ts  c a rry  p r a c t i c a l ly  a l l
th e  en z y m ic a c tiv ity ,,.v /h ic h  can. be detected., in  g e l s ,  a t  l e a s t  as  f a r
as e s te r a s e s  and c a ta la a e s .a r e  çonoerhed, and th e  s l ig h t  a c t i v i t y  -
OQGurring-.in th e 'd i s in te g r a te d  c e l l  .w a ll. fragm enté i s  most l i k e ly  to
be due to  th e  contam inat io h  o f th e  o é l l  Ivally frag ineh ts w ith  the  c o l l
c o n te n ts , ■ , \ f: - '
-, 'Batch c u l tu re  o f  c e l l s ' \  -
■Method 1 - -  la rg e  sc a le  b ro th  c u ltu re  . ■ ■■
.-To iia rve^ t large-..quant i t  le s ' o f c e l ls ,  fo r  e le c t ro p h o re t ic  a n a ly s is  o f
■the c e l l  c o n te n ts ,  I  chose to  adopt a .large, sc a le  b ro th  c u l tu re  method
a t  th e  beg inn ing , o f my work.. ffhiS 'v/a 's because th e  Ifeauh ;. ' '
homogeniser (Shandon S c ie n t i f ic  Oo. Ltd *, London) fo r  d is in te g ra t in g '
b a c te r i a l  c e l l s ,  was no t th en  a v a i la b le , and th e  volume of c e l l s
re q u ire d  f o r  e le c t ro p h o re t ic  experim ents v/as th e re fo re  not known. I
o b ta in ed  paoked c e l l s  o fy llO  d i f f e r e n t , s t r a i n s  o f m ioroeoooi and...
s tap h y lo co cc i by th i s ;  method® . 1 -  ‘ ,
a )  Tine medium ’ . ■ . . ■ * . .. '
S ev era l media o f  d i f f e r e n t  chem ical, .com position y/ere examined fo r  t h e i r
s u i t a b i l i t y  f o r  growing s t r d ih s  o f m icrodooci and stap liy locooo i in  la rg e
sc a le  b ro th 'c u l tu re *  The follpwingy medirim v/as th e  medium o f c h o ic e :-
,: ' ; ^  g 'ih 'w a tm : M uteiont b ro th- (O xolà) ' ■ 0*8
^ t e a  fit e x tra  o i (Oxoid) \  , .0*5
; '■‘fV ; . . BaOl \  ' . 0*5
\   ^ K Æ O ',: \ ):/. ,0*5 ' -
. - . _ . \  , y ^ ' f '  ' ' , : • . ■ ■ . ,
f . ■ ., : .OXucoso ■’. • • ;■ ,-' ■ ■ . ~ ' 0*2 ■ ■ '
llhe coast:!.tuQnta t/e re .,d tq so lv e d  .:lnf iio t ta p  w ater;, .ami 4 i i t r e a 'o f  th o  
;modiuBi, w ere ,p lao ad  i n t o . 5 l i t r e  obnioaX. .flâDka, and th e  pH ad ju o to d  to  ?
b ) ' S tozxL llaation o f medium ! . ' ' -
,: ‘ The .flaako were p rep ared  as  in  Diagram I  v /ith  tu b e s  f o r  in o c u la t io n  and 
iyV'üèratlph* '- • The ends o f th e se  tu b ea  ? w hich ; .wore exposed to  tho
■otmpsxAiore>'. wor.e coyered withaiXumlnium f o i l*  Ac., ru b b er bimgo p e r io h  .-. 
; . on a u t0b 1 av ih g , ,  co tto n  poo l p lugs ware xiaod to  s e a l  th e  nooks o f  tho  
. f la sk s *  'The wholq upper p a r ts , o f '-thé f l a s k s ,  in c lu d in g  th e  
, p ro je c t in g  p a r te  o f  th e - tu b e s ,  w cro-covered w ith  Jcraft paper to  
p rev en t th e  c o tto n w o o l becoming soaked by steam  d u rin g  th e  
•' lu ito c iav in g  hiroceso* ' The 4 l i t r e s  o f modimii i i i  -bhe fXaakfi v/ere f i r s t  
, Orf . a l l  Iieatod f o r  60 m inutes a t  100% in  a Kooh*. and thon  âutooXavod 
f o r  60 W emteç a t. 10 lb * /s q i \ in *  of steam* T his lo n g  àvvtoolaving 
: tim e g which was re q u ire d  'to  onshre coniplete \s tc > ri 'l ls a tio n  o f  th e se
. la rge ', volumeq o f medium, cbld n o t appear to  © ffeo t th e  0*2/® glucooOf 
b u t a  l i t t l e  p r e c ip i t a t io n  of, th e  phoophato and yeast; e x t r a c t  occurred*
A'fterr au too lav ing?; th e  f la s k s  -were cooled to  37 0 and k ep t a t  th a t
.tb m p era tu y o 'fo r two. days -to, ensu re  th a t, no-ooatm uinati'on  was p re s e n t .
• ■ '  a ) '  '
... A, tu b e  o f  g luopoe phocphate medium (Maokie & MeOartney, i 960? page 218)
. —p. •
. was in o o u la to d  .w ith  a pure  c u l tu re  o f a  s t r a i n  and in cu b a ted  a t  37 0
Dia/?rani I
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f o r  10 .tomï0« ■ A fter- t h l a  -fciiae th o  -growth m o  ra ie ro o ô o p io a lly  otoeketl 
fore coataiîiinatloR  %  Gram a ta in i  i f  th e  p rep ara tio n , ohowod uo 
eoivbamina-fclons ahoiit 2 m l. was a s e p t io a l ly  tran s-fe rro d  hy p a s te iir  p ip e t te  
in to  th e  lasdiiva In  a  5 l i ' t s o  f la n k  t h r o » #  th e  in o c u la t in g  W )o (Diagram l ) ,
th e  aluminium oap balne; ^ap lao eâ  on th e  tub© a f t e r  l a q o a la t lo a ,  
fi) A era tio n
A aimpl© b u t e f f e c t iv e  pumpp which aouM bo rim  f o r  wo oka w ithou t 
overheo tlngp  (H yflo Modal 0^ Medea I f  Brooe htd^ a v a i la b le  from 
G r i f f in  à George^ Eri^'laud) v/aa used to  a e ra te  th e  eu ltxuea*  A f i l t e r  
h o ld e r , in to  whioh a  c e l lu lo e e  a c e ta te  b a c te r io lo g ic a l  a ir f lo w  f i l t e r  
could be in e o r te d f  v/aa a tta c h e d  to  th e  ou tflow  o f  th e  pump $ The a i r  
flow  tsmm th e  f i l t e r  vmu d iv id e d  in to  two by a g lao a  ju n o tlo n  so
th a t  two flaelco could  bo a e ra te d  and incuba ta d  a t  th e  oamo tim e , ‘fhe 
f i l t e r  ho lder^  g la a a  ju n c tio n  and p la o t io  a e ra t io n  connecting  
tu b ee  ware otitoolaved f o r  15 mimitoe a t  15 lb . / a c | . i n .  o f  oteamp and 
th a n  a s t e r i l e  c s lli i lo a o  a c e ta te  f i l t e r  was a a e p t lo a l ly  p la ced  in to  
th e  f i l t e r  h o lder?  whioh wao connected to  th e  pump. Both th e  pump 
and th e  f i l t e r  h o ld e r wore p la ced  on top o f an in c u b a to r  in  such a way 
th a t  a  tu b e  co n ta in in g  s t e r i l e  a i r  could paea tlirough  th e  v e n t i l a t io n  
h o le  o f  th e  in c u b a to r  and in to  th e  in c u b a tin g  f la s k  a » Screw olarapo 
were p la ced  on th e  p la o t io  tu b in g  oonneoting th e  a ir f lo w  to  tlio f la a k o  
in  o rd e r  to  r e g u la te  th e  flow  o f a i r  e n te r in g  oaoh f la o k  (Diagram I I ) .
The a e ra t io n  tu b è  d ip p in g  in to  th e  media gave o u f f io le n t  d io p ero io n  o f  
a i r  to  a e ra te  th e  c u l tu re s  w ith  a miniaum o f fro tliin g ?  and th o  
in o c u la t io n  tube  (3}iag3;am I )  oorved a s  a gao eaoapo f o r  exoeoo a i r  and 
a ls o  fo r  th e  carbon d lo x id o
Diagram I I
In ou b a tinA’ c o n d i t i o n s  f o r  5 l i t r e  f l a s k s
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evolved dux'ing b ao teæ la l 3?oapls?atioa® I?he tiian o te?  o f th e  ao im tion  
oonneoting: tuboo from one fla#%  to  another? p rooeu tad  a  oontam lnatlon  
p3:oblom. D h lo , hovfevort Map omvoomo by keeping  th e  pump in  
qontim ioue ope:t:atioE eo th a t  a  p o p it iv e  sis? pæeaanæe was m ain ta ined  
o l th in  th e  a e ra t io n  oonneo tiiig ttubep j and th e  end o f  an a e ra t io n  
oonneoting tubo  nae p la ced  in  a  beaker o f  e th an o l ?()/& in  w ater •  t h i s  
c o n c e n tra t io n ,lo  known to  be b a c te r ic id a l  (Kpotain# 1097) -  and a i r  
allow ed to  bubble th rough  th e  tubo f o r  10 zninuteo (Diagram I I ) *
When th e  no%t f l a s k  f o r  in o n b a tio n  was ready  th e  a e ra t io n  ooniieoting 
tube gu io k ly  and a s a p t ic a l ly  removed from th e  a lo o h o l and f i t t e d  
to  th e  f l a s k  so th a t  a e ra t io n  could  beg in  a t  once*
../.rOftreful c o n tro l  o f  a e ra t io n  wap recpAired dirï?ino.‘ in c u b a tio n  olnoe 
th e  amount o f f ro th in g  in c re a s e s  an th e  c o l ic  m u ltip ly  and r e le a s e  
m atabo lio  b ip ro d u o ta  in to  th e  medium# Rapid a e ra t io n  (10 bub b lo e / 
second)n th e r e f o r e 9 was allow ed to  ta k e  p la ce  in  th e  f i r a t  12 houro 
o f  g??owthf bu t th e r e a f t e r  a  slow er r a te  ( l  b u b b le /second) wan 
m aintained#
In cu b a tio n  was c a r r ie d  out a t  39^0 f o r  40 heure* u n leo s  growth was 
weaky in  which oase th e  tim e wap e^ctended to  66 hours# 
f )  £ o llQ ^ ^ e g ijg f jg s 3 j£
*fhe im r ity  o f  th e  b a tch  o u ltu re e  vms examined m ic ro sco p ic a lly  by a  
Gram s ta in  o f  a  ameer* On th e  s a t io f a c to ry  r e m i t  o f  th e  m icroeoopio 
exam ination th e  c u l tu re s  wore pub jeo ted  to  con tinuous flow  
c e n tr i fu g a t io n  in  a  fiharp ios c e n tr ifu g a l th e  oadim ented c o l l s  wore
#  1 2 0  «  '
Avashed tw ice  in  i s o to n ic  c a lih e ^  and then th e  spun o e l lc  ware (loop
fi2?0£*on (^18^0) in  u n iv e rs a l  co n ta in e rs*  The y ie ld  from one f la c k  ' -
v a r ie d  from between 5 and 20 ml* o f  packed o o llsy  depending on th e
s t r a i n  o u ituned* A lo o p fu l o f  spun c e l le  was p la te d  ou t on t o  1 0 /
horse  b lood  ag a r (fo p t*  q f  B ac te rio lo g y  « Immunologyg U n iv ero lty  o f
Glasgow) to . examine th e  deg rée o f contam ination  o f the  c e l lo  by
o tîie r b a c te r i a 9 s in c e  t h i s  wac unavoidable d u rin g  c e n tr if i tg a t io n
and washing* ’fho o o n ta m n a tin g  orgahinma wore alw ays in  v ery  em ail
onumber0 9 and oi'nco th e  c e l l s  were kep t a t  *18 0 u n t i l  they  were 
d is in te g ra te d )  th e  oontamixxants wore no t ab le  to  gro\7 and m u ltip ly , 
and' produce en%ymeo In  la rg e  enough amount g to  be observab le  in  
e le c t ro p h o re t ic  a u a ly a io •
M ethod. 2 « Ajmr oultmrce o f c e l l s
V/ith th e  a r r i v a l  of th e  Braim M*SJCf homoganieer I  warj a b le  to  b r in g
d is in te g r a t io n  o f  packed c e l lo  and X found th a t^  on th e  av e rag e ,
5 m l* o f  packed c e l l s  gave a t  l e a s t  2 ml* o f c e l l  c o n te n ts , whioh 
was cxuite s u f f i c ie n t  f o r  about gO e le c tro p h o re t ic  ru n s , a  number 
w e ll In  excess o f mj neode* T herefo re  Method 2 was designed  to  
allow  th e  ‘p roduction  o f packed c e l lo  on a om aller s c a le  and in a 
more Convenient way th a n  Method X#
I t  woo e s s e n t i a l  f i r s t ,  howevor, to  a s c e r ta in  th a t  th e  esASsymio 
p a t to rn s ,  d e te c ta b le  in  po3;^mo3^ylamlde g o lo , were id e n t ic a l  in  th e  
c e l l  co n ten ta  o f  c e l lo  p rep ared  by bo th  Methodo 1; and 2# The c e l l  
c o n te n ts  o f 3 s t r a i n s ,  p rep ared  by bo th  Methods were a lo c tro p h o ro tlaa lX y '
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ana lysed  f o r  o s te ra s e  (page ) and b lood baud l s o 2;yiEe (page2*4 ) 
p a tte rn s*  The e s te r a s e  and b lood 'band  Isozyme p a t te r n s  o f  tho  c e l l  
c o n te n ts , p rep ared  by th e  la rg e  sc a le  b ro th  c u l tu re  method (Method l ) ,  
and a ls o  by th e  agar c u l tu re  method (Method 2) were id e n t i c a l ,  by 
b o th  m ethods, f o r  each o f th e  3 s tra in s *
Since i t  was shown, th e re fo re ,  th a t  th e re  was no advantage in  
prepraring c e l l s  by Method 1 , Method 2 became th e  method o f oho ice , 
and I  o b ta in ed  packed c e l l s  o f 296 d i f f e r e n t  s t r a in s  o f th e  
m ioroooooi and s tap h y lo co c c i by th i s  method*
a) The medium
S ev era l s ta n d a rd  la b o ra to ry  agar media o f d i f f e r e n t  chem ical 
com position  were examined fo r  t h e i r  s u i t a b i l i t y  f o r  growing s t r a in s  
o f m ioroeoooi and stapl:iylocoGGi* Blood Agar Base No# 2 (Oxoid) 
was th e  medium o f choice#
The medium was s t e r i l i s e d  f o r  15 m inutes a t  15 lb*/scj,*in o f
ij U'C.CU*
About 150 ml* o f s t e r i l e  m olten medi.ujii was poured on to  ono s id e  
o f a houx b o t t l e ,  and when t h i s  had s e t ,  a  f u r th e r  150 ml. o f  th e  
medium was poured on to  th e  o th e r  side* The Roux b o t t l e s  wero then  
in c u b a ted  o v e rn ig h t a t  37^0 to  ensure th a t  th e  medium was s t i l l  
s t e r i l e *  
b § Inocul a t i o n
An inocolura o f  5 ml*, p rep ared  fb?om an o v ern ig h t n u t r ie n t  b ro th  
(Qxoid) c u l tu re  grown a t  30^0, o f a s t r a i n  was checked f o r  p u r i ty  
by Gram* s s t a i n ,  and i f  t h i s  was pure th e  inoculum  was added
maoeptioaIX y to  a  Hoxix b o ttlo #  Tho Inoeulim  o u ltu ro  w/a d ia tr i lm te d  
ovor th é  ‘éurfüo© o f th e  medium %  tu rn in g  th o  b o t t l e  u n t i l  a l l  th o  
ag a r  had boon covered#
o) In o n h a tio a
lïAOoulatod Houx b o t t l e s  v/oro in cu b a ted  a t  th e  atraineX- optimum 
tem p era tu m  (u a u a lly  30^0 ) f o r  two days, o r  i f  grow th was poor a f t e r  
. t h i s  tim e tho  h o tt lo o  wero l e f t  f o r  a f u r th e r  p e r io d  o f  inou?)atlon* 
d) O o lloo tion  o f  c e l l e
Growth wao e im la lf le d  in  d i ê t i l l o d  w ater i n  th e  Houx h o t t l c s  w ith  a  
o loan  g laoo  ro d  and th e  th ic k  c e l l  suopenaiona were c e n tr ifu g e d  a t  
3OQD f o r  30 m inu tee . A lthough th e  remo\%l o f  growth from
th o  Eoiu£ b o t t lo a  and th e  oubcociuont sp inn ing  dovm wore n o t o a r r io d  . 
ou t under o t r i o t l y  a s e p t ic  co n d itio n s#  n e g l ig ib le  con tam ination  
o ccu rred  duaiing th e ce  processes#  Gontam ination wan -judged by 
a tc ro s c o p ic  OKamination o f  Gram s ta in e d  smear a , p rep a red  from growth 
of c u l tu re s  o f  10 s t r a in s  b e fo re  rem oval from th o  Eoux b o t t l e s  and 
a ls o  from th e  packed c e l l s  a f t e r  a%)inning down; no con tam ination  
wao observed m ic ro sc o p ic a lly  a f t e r  th e  c e n tr ifu g a tio n #  T herefore# 
i f  omeara p rep a red  from .grovrth in  th e  Roux b o tt le s #  and s ta in e d  by 
Gramla method# showed no con tam ination  when examined m icro sco p ica lly #  
th o  cpun c e l lo  were coneidered  to  bo o u f f io ie n t ly  pu re  f o r  
o le o tro p h o re t io  an a ly s is#
Ao tliQ Braun M*S#K* homogonipor waa « v a ila b lo  when Method 2 was 
u sed  f o r  th e  p re p a ra tio n  o f  oo llo#  th e re  was no need  to  s to re  th e
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. GGllü m dQ r d0Gp,fro;aeu ûoud:ltiôU0> and tlmy w r o  dlG lntegz?ated 
InüaodlërWly a ïto r.. ap innin^’ dom&
Ao tho  Bmim homogoni^oa? was n o t a v a ila b le  a t  th e  beg inn ing
o f  th in  \7oa?k| va:elonô àtandaxxl motîiocla f o r  d is in to ^ m tin ^  b a o te r ia  
; i*o» .'a):.aato^»is of c e l ls , b) frae%i% m ià t lm r k iB  o f  oollo,
'■ ■ o) ■ oîmmges in  osm otlo p raooursf d) Miokl# Shaker tre a tm e n t w ith  
■ g la so  tioadaf e )  u l t r a a o n io  troa tm on t with» and w ith o n t g la s a  beads $ 
t/oro used  to  t r y  t o  broak down a  a e le o te d  m m ber o f  th e  laiorooocoal 
and otapi^looD O oal s t r a in s ^  IIoüq o f  th o se  t r i a l  methods w ere, in  
f a o t ,  suocesBfuX, and th e  o o l l s  o f  th e  110 s t r a i n s ,  c u l tu re d  by 
Method 1 , Imd to  he s to re d  a t  # I ( fo  u n t i l  th e  hom ogeniser was 
a v a ila b le *  ■
C e ll suspensions and B a l lo t in l  g la s s  heads olsie no* 12 were mlsced to  
g iv e  a  t l i ic k f  h u t r e l a t i v e l y  m obile s lu rry *  D is in te g ra tio n  was 
C a rrie d  ou t a t  0^0 , o r  below , f o r  S m inutes a t  4C0O r#p*m# lu  o p eo la l 
g la s s  Duran B o ttlo o  (Slumdon S o io n t i f ia  Co* l t d . , London), wMoh f i t  
in to  th e  Braim homogoniaer* % e  co o lin g  oyotom ro c |u ires
l iq u id  carbon d io x id e , , o h ta in ah lo  from  D i s t i l l e r s  Co. l td * .  G reat 
. B r ita in *  C e ll suspensions o f  a l l  406 s t r a in s  were broken down by 
th io  method*
. Antifoam ag en ts
D is in te g ra tio n  w ith  th e  Braim homogeniaer ten d s  to  cause f ro th in g  o f  
c e i l  su sp en s io n s , and t h i s  eou ld  le a d  to  a  d é n a tu ra tio n  o f  th e
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ouBymas, and a ls o  i t  vms ohom  th a t  ootan*2*»ol (B.D#ÎI>) 
timl t r i lm ty l* n - o i t r a te  (b*I)*H*) an tifoam  ag e n ts  had no d o le to rio u e  
e f f e c t  on tho  cns^ymo ao tiv J ,ty  o f  o o l l  c o n te n ts . tïhose bhemicaXa, 
th o re fo ro i were used  to  p rev en t foam iag during  # ,o ln teg b :8 tio n  (3 drope 
f r o a  a  p ao teu r p ip e t te  por c e l l  su spension )•
Binoo jid-oroooQoal and staplpf3.oooocal o e llo  lo se  th e  o iis ra o te r  o f  
(Warn p o a i t iv i t y  when th e y  a re  brOkon domi i t  i s  r e l a t i v e l y  eeay to  
g iv e  an e s tim a te  o f  an approxim ate peroeiitage o f  d is ru p tio n  by 
.çarry incj ou t a  Gram s ta in  on a  smear p repared  from a  d is in te g ra te d  ' 
o o l l  suapenaion . A minimum break-down o f 75/^ -Of tlio  c a l l s  was 
rc(p%irod althoixgh a h ig h e r  percontago  uao p re fe r re d . . I f  a low er 
pèrcon tago  was e$tim ^\ted th e  c e l l  suepeneion was su b je c te d  to  a  
f u r th e r  p e r io d  o f d is in te g r a t io n  u n t i l  7%'S o f  th e  o o l le  o r  more 
were lU sin teg ra ted *
I’ho removal of insoluble nartioles from the disinte^cratea 
IHio soluble co ll oontenta of the 4^ 6 strains were scparatad from " 
unbroken oallo, c e ll 'walls, and Ballotinl boado by filtration  
folXOv;od by centrifugation* iiie following procedure më carried . 
out for the separation. '
f.te. remoyal .^ of Ballotinl ^eads '
®liQ g la s s  B a l lo t in i  beads were removed from th e  d ie in te g ra te a  by one 
o f  th e  fo llo w in g  methods
l )  f i l t r a t i o n  o f  th e  d ic in te g ra tG o  throi^gh Whatman îîQ* 1 f i l t e r
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papor w ith  th o  a id  o f  vsomm p re a a u re . . U?ho f i l t e r  paper ro ta in e d  
t h 0 glciSD- b eads, b u t allow ed o o lla  end c e l l  n ia te r ia l  t o  ijaao through*
2) IP il t ra t io n  o f th e  d lo in to g rs tq a  tln^ongh Ileitdnings F i l t e r s .  F io ces 
o f  KIqouox t io a u o , out ou t to  tlio  c o rra o t D im , were p la c ed , in s te a d  
o f th e  u m a l  o to r l l i o in g  S o ito  f i l t e r  p ad s ,  ^in to  th e  f i l t e r s ,  and th e  
d ia ih to g m to s  xmm c e n tr ifu g e d  a i t  low snoods (2000 r  .p .m .)  th rough  
th e  f i l t e r #  00 th a t  th e  B a l lo t in i  beads a lone  wore ro te in e d  by th e  
KXoguox t is s u e *  For s im ll  c jp .an tities  o f  c o l l  m a te r ia l  F i l t r a t i o n  
Method 2 was q u ick er th an  F i l t r a t i o n  Method 1*
%ho B a l lo t in i  heads wore olem iod l a  oliromio a c id ,  washed 
th o ro u g h ly , d r ie d ,  and u sed  a g a in .
')}h0. TMxi\oml o f  unbroken o o l ls  and m i l  w alla
ih o  imhrOken c e l l s  and aeXl w a lls  wore ' eopara tod  from th e  so lu b le  
p a r t  o f  th e  d ia in teg fra to a  by h ig h  spood o en trifu i^ a tio n  (9 ,000  rp .m .)  
fo3? 30 m inutes*
'Stora/ie,. o f  c o l l  co n ten ts  
I'he so lu b lo  c e l l  c o n te n ts , s to re d  in  b ijo u  b o t t l e s ,  wore 
la b e l le d  w ith  th e  approp3?late s t r a i n  numbers, and a l l  p re p a ra tio n s  
wero k ep t a t  **10^0 u n t i l  ro tp iire d  fore e lo o trto p h o ro tio  a n a iy s ie .
FhFQ'fEOPHOmmiS OF CBLh O O K Ï»S
g e l  m m o r l  w a iB  ,el00t%0.RW%ml8
I  dec ided  to  u se  sons o le o tro p h o re a is  in  o rd e r  t o  d e to o t lao^yme 
bands in  c o l l  oou ton to  o f  ndorocoooi and 0tap l\y laco o o l,' and to  f in d
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out i f  th e 80 bands could  be used  as ohareacters f o r  c la s s i fy in g  th e se  
o rganism s. Only 2 g e l support media g ive  s e p a ra tio n  o f p ro te in  on 
th e  b a s is  o f  bo th  m olecu lar w eight and charge d u rin g  gîoue 
o le c tro p h o ro s is  s ta r c h  and polyaory lam ido . A lthough s ta rc h  g e ls  
have been more f re q u e n tly  used  fo r  th e  d e te c tio n  o f  isosyniea th an  
polyaorylam ido g e l s ,  th e  l a t t e r  have undoubted advantages over th e  
form er (page Most of th e  experim ontal elootrpphoazetio  work
in  t h i s  th e s i s  was c a rr ie d . 'o u t w ith  polyacrylam ide g e l s .
I t  i s  w orth n o tin g  h e re  th a t  th e  reco g n ised  nom enolature o f g e ls  
p rep ared  from ^*Oyanogim** i s  n o t o learg  some a u th o rs  u se  th e  term  
^^polyacrylam ide", o th a rs  sim ply "aorylavaiclo". In  t h i s  t h e s i s ,  from 
now on, X use  th e  s h o r te r  term  "aorylam ido" to  d e s c r ib e  a  g o l th a t  
h as  been formed from th e  p o ly m erisa tio n  o f aoryiam ide monomer which 
i s  th e  c o n s t i tu e n t  o f oo im oroial "Oyanogum".
StaKchjgel (.Baiilie, I 964)
a) S sL Js iif f ia
Suapsnaiotts of Vê$> liydsîolyBsd staroh (Oonnaiight Iiaboratorieo, Canada)
\7e r0 p rep ared  in  120 ml* amounts in  " t r i s " - c i t r a t e  g e l b u f f e r ,  oopiposed 
o f 0*459?^ (ç )  t r i s  (liydroxymetliyl)aminomethane and 0 *053?^  (ç )  c i t r i c
a c id  in  d i s t i l l e d  w ate r (pH 8*7).
b ) P re p a ra tio n  o f  s ta r c h /y e ls
The g o l medium was h ea ted  in  a  side-arm  p re ssu re  f la s k  over a  bunsen 
u n t i l  th e  s ta r c h  tm m ed from an opaquo suspension  in to  a  o le a r  
homogeneous v isco u s  s o lu t io n , w1t±61i  was subsequen tly  evacuated  by
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attao lx ing  th e  f l a s k  to  a  p re s su re  pump* T his p rev en ted , w itM u 
th e  s o l id i fy in g  g e l ,  th e  fo rm atio n  o f ta b b ie s  which would d i s t o r t  
th e . flow  o f th o  om irent a c ro s s  th e  gel*-'during e lo o tro p h o re s is*  The 
m olten s ta rc h  s o lu t io n  was th e n  poured in to  a  glexsa mould t r a y  
(4è** X 6 |"  X th e  su rfa c e  was covered w ith  a  sh e e t o f  •M elinex 0" 
f i lm  gauge 50 (P o ly e s te r  f i lm , L td . ,  ta g la n d )  and th e  g e l
l o f t  i m t i l  s e t  {2 hours a t  room tem peratu re)#
a )  I n s e r t io n  o f  tjbLO c e l l  con ton tg  in to  th e  g e l  
Vihen tho  (^el had  s e t ,  th e  "M elinex" cover was removed and th e  g e l  
was out a c ro s s ,  app rox im ate ly  3 cm# from one end and th e  s h o r te r  
p ie c e  o f  th e  s ta r c h  g e l  s lip p e d  g e n tly  back to  e^cpose th e  o u t su rface#  
M ia tm n  H o .l f i l t e r  paper vms c u t in to  10 mm. le n g th s  and th e se  v/ore 
soaked in  th e  c e l l  co n te n ts  o f  d i f f e r e n t  s t r a in s #  A fte r  th e  ex cess 
l iq u id  had been removed, by to u ch in g  th e  soaked f i l t e r  s t r i p s  on 
abso rb en t p ap e r, th e  s t r i p s  were p laced  a long  th e  o u t su rfa c e  o f th e  
s ta rc h  g e l ,  w hich was th e n  c lo sed  by re p la c in g  th e  sh o r t p ie ce  o f  
gel#  The g o l w ith  c e l l  c o n te n ts  was then  ready  f o r  e le c t ro p h o re t ic  
an a ly s is#
A crvlataide g e l  ( B a i i l i e , 1964)
k Perspexc mould was c o n s tru c te d  ao shown in  Diagrams I I I  and IV w ith  
mi in t e r n a l  volume o f  19 x 12 #5 x 0.#6 o#m# The d o s i #  o f  th e  mould 
i s  more advanced th an  th e  d es ig n s  o f  I to r a y  ( 19S2) and B aiX lie  ( 1964) ,  
i n  th a t  no clam ps o r  g rease  o ra  re q u ire d  to  form on a i r t i g h t  s e a l  
between th e  l i d  o f  th e  mould and th e  tray#  Tixo mould i s  s im ila r  in
D ia fr r a m  TTI
Acry1amide ^ e l  mould
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PLAN










J (; c m ,
SLOT  FO R M E R  
S u r l a c c  Held  t«» Lid oj Mould 1>\ Hol ts  and  Nuts
Sui l a c c  I n s e r t e d  into Cel  
PLAN
“ 198 ^
cloDiipij hov/evar, to  th a t  o f  himd (1965) who in c o rp o m to d  a 
3^ 0Bio¥ah3»o B lo t fo5?nie*i? l a  th e  l i d  00 th a t  pn^o^oating t e e t h  o f
oi&sa, 02.^ tlii'ob ieoo ooiilci ho itood fo^  th e  fo 2:m atioa o f . a lo to*  
SinoG th e  deoign o f  hea? niould l a  haaod on th a t  o f  S în ith los ( 1959) 
foi^ tlio  fo rm ation  o f  ataaroh gela^  M nd (1965) d id  n o t g iv e  a  d o ta ilo d  
doB02;li>tion o f  i t a  qonaticuotion# and th o ro fo ro  te o lm io o l in fo rm atio n  
ooncorning mould i a  g iv en  helou*
I’lio o lo t  form er th a t  X w o d  f o r  th e  fo3:matlon o f  a lo to  in  th e  
o lo o tro p h o re tio  a n a l^ o ie  o f  th e  O0I I  co n ten ta  o f  th e  406 s t r a in a  v/ao 
cOE\poaed o f 1 mi# tM o k  Darid,o ( l» 0 ,I# #  IMgland)# a  p la o t lo  compound^ 
and m a  ohaped by raysolf t o  th e  dooi^x ahom  in  Diagram IV ao th a t  
Q o lo ta  cou ld  bo formed in  any one gol# A, s im i la r ly  deoignod s lo t  
form er m e  a lso 'm ade f o r  experim en ta l purposoo ou t o f  Darvio# t h i s  
tim e Emm# th ick #  *fhe g e l  mould was oono truo ted  in  suoh a way th a t  
when th e  s l o t  form er v/as in s e r te d  in to  th e  o a ta ly o o d  g o l monomer tho  
te e th  mxo  suspended 1 nm# above th e  f lo o r  o f  th e  tray »  so  th a t  a  
th in  la y e r  o f g e l  could  form below th e  te e th  whoa th e  aprylam ide 
X)o3ymorlaod; t h i s  was to  onouro th a t  th e  c e l l  oon ten to  d id  n o t le a k  
ou t o f  th e  bottom  o f  tho  sl<ôtç d u rin g  e le c t ro p h o re s is #
Two g e l  mould tra y o  were c o n s tru c te d  so th a t  two o lo c trO p h o re tio  
ozperim onto could  bo c a r r ie d  ou t oim ultauoously#
b ) G el, niedlum
O onoentrationo from 6 to  Ig-^ ( J )  o f  Gyanoipm 41 (B#D#E#)# composed o f
V  ,■ ' *
acry iam ide monomer, wore x^repared in  *^trio* '«o itrato  b u f fe r  o f  s im ila r
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ooiapoaition to  th a t  u sed  in  th e  o ta ro h  g e l (page Aorylainide
so lu tio n o  cou ld  be s to re d  a t  4^8 f o r  4 weelco w ith o u t lo s s  o f g e l l in g  
a b i l i ty #  Aorylamide so lu t io n s  can only  be g e l le d  by th e  p resence 
o f  c a ta ly s t s ,  which po lym erise th e  aorylam ide monomer to  form OT*- 
m etixylenebisaorylam idej two suoh g e l l in g  c a ta l y s t s ,  ammonium 
p o rsu lp lia te  and 2»dim othylam inoetliyl cyan ide, were used  to g e th e r  to  
cause po lym érisa tion#  These c a ta ly s t s  were p rep a red  a s  lOfo 
s o lu t io n s  and cou ld  be s to re d  a t  room tem peratu re  f o r  two months 
w ith o u t lo s s  o f c a ta ly t io  a b i l i t y ,  
o) Method
To 170 m l. o f  an  aorylam lde s o lu t io n ,  u s u a lly  a t  a c o n c e n tra tio n  of 
9fof. 2 m l. o f  a 10^ s o lu t io n  o f eaoh c a ta ly s t  was added, and th e  
m ixture r a p id ly  evacuated  in  a  side«arm  p re ssu re  f l a s k ,  s in c e  g e l l in g  
occu rs Only in  th e  absence o f  oxygen. % en  th e  c a ta ly se d  s o lu t io n  
was oom pletely  evacuated  i t  was ready  fo r  pbaring in to  th e  mould, 
d) G e llin g  c o n d itio n s
A fte r  th e  ovaouated  c a ta ly se d  aorylam lde s o lu t io n  had been poured 
in to  th e  t r a y  o f th e  mould, th o  l i d ,  w ith  s lo t  form er in  p o s i t io n ,  
was c a re fu l ly  lov/ered on to  tho  t r a y  and le f t*  I t  was im portan t 
th a t  no a i r  bubb les were a llow ed to  e n te r  between th e  s o lu t io n  and th e  
l i d  a s  th e y  would have p rev en ted  com plete p o ly m e risa tio n  from talcing 
p la c e . G e llin g  norm ally  ooourred in  30-45 m inutes a t  room tem p era tu re , 
i f  th e  mould was n o t d is tu rb e d , b u t a  f u l l  hour was allow ed to  e lap se  
b e fo re  th e  l i d  was c a r e fu l ly  removed. The s l i g h t l y  opaque g e l in
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th o  t r a y  o f  tho  mould, was then  washod tho rough ly  i n  ü a to r  to  remove 
ùuy tcudo  mouoiiisr o r pata3.yot t h a t  m ight ho in  f ro o  s o lu t io n .
i
è). Additi<>n , o f  . ,p o ll qoutpxto
I
t^lie .e3,otOt .9 wbu lo n g , 6 mi# doop 1*5 mi v/ido and 5 mm# a p a r t ,  forraod
!
;lu th o  g o l ,  vTore b lo t  to d  dg:ÿ and m olten ParaaTfiEum MolXo Album 
(b*jD#H#) vjcio #o%)pod on to  th o  au rfaoo  o roa  o f  aorylardclo between 
tho  s l o t s  fjo t h a t ,  when aaiaploo o f  c e l l  oon ton ts wore added to  th e  
olotD  th023o v;ae no dlianca o f  any leakage from ono s l o t  in to  another# 
V&en tho  o lo to  had boon f i l l e d  w ith  tho  c e l l  co n ten te  (about 3 drops 
v d tîi B p a s te u r  p ip e t te )  th o  whole a re a  around th e  s l o t s ,  and on th e  
ao tim l p lp ta  thom aelverj, t/a ro  oovorod w ith  m olten , b u t c o o l, P araffinum  
Mollo Album, 00 tiuxt e v a p o ra tio n , o r  o p l l l l i ig  o f  th e  o o n to u ta , d id  n o t 
ooGure d u rin g  e leo tro p h o ro o ia#  The c e l l  co û tan te  v^ore th en  ready  to
1)0 eloo trophoroo iod*
F leo tro p h o ro o ig  o f  c e l l  ,ep u ten tp , aorylam ide / ÿ l ^
B leo tro p h o ro e ia  o f  c e l l  c o n te n ts  was oar^ried o u t In  a  tanîc 
(Shündon B o io n tif io  Go# L td*, London % by u s in g  a  d isco n tin u o u s 
buffoz: system  based  on th a t, do s c r ib e d  by P o u llk  ( l9 5 7 )f  v /ith  th e  
*% 3ls*V oltrato g o l b u f fe r  d i f f e r in g  from th e  ta n k  b u f f e r ,  which was 
oompODûd o f  b o r ic  a o id  l#8gy& (^)g  lexOH 0.2/& (g ) in  d i o t i l l o d  w ater 
(pH^s.!)# G outact was maclo between tho  tan k  buffer? and th o  g e ls  by 
ïaeauB o f  abnosbeut l i n t  wlolm # A shoot o f  **Melineyi* covered each 
golgand til© m do  o f  th o  W.oka ly in g  on tho  g o l o lo o tro p h o re^ lo .
BlecbzophoresiG  was o o r r ie d  ou t a t  oonatunt v o lta g e  from a  Vokam
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Power Supply (Shandou S cien tific  Co* L td ., London) by using one of two 
iiiothocls of time/voltogo combination:
Method 1) 50 volts for about 9 hours aorylamido gels
no appreciable heating up of gel;
Method g) , 150 volts for about k hours -  starch and aorylaiiiido 
gels since gels heat up a t th is  voltage, owing to 
tho résistance, cooling was accomplislied by addition 
of ice d irec tly  on to the gels,
Î!Îîectrox)hûrôsis was continued by both methods mitil a "brown lino ’^ 
artefact, the interface between tîxe *'triB*Voitraio gel buffer and the 
borate tank buffer* had travelled 10 cm. from the slots tovmrds the 
anode* Tho gels v/ero then removed from the tank, v/ashed free from 
buffer, and the gol cast from tho tray in prex a^ration fox» slicing*
Both starch and acrylmaido gels wore sliced in  the follor/ing mmmori 
Perspex guide s tr ip s , to control tho thielmess of the s lic e s , were plaoed 
on either side df v each gel, and an empty mould tray  placed on top of the 
gel to maintain on even pressure while slic ing . Four horizontal s lices , 
each about 1.5 mm thick, were obtained from a gol which was out with a 
fine stain less stee l suture, size 36 (London Bplint Co., L td ., England), 
hold tau t between tho fingers. Only the two middle s lices , kov/ovor, 
wore no#ially retainod for protein or ensymo detection, since tra ilin g  of 
bands may occur along tho up%ier and lower surfaces of the gol. The gel 
s lices wore then ready for the dotooticn of protein or enzyme bands.
MIÏffHODS î'oa nEEjCpNG PH m ra MB HJmCSS m  6SL SMCBS
ÎMHOBS P(m ÎMBCI’IMG EBQSÏH. MB m m Ykm  IN ftSL SMCIÜS
Many varied methods for detecting protein oml enzyme hsmls in
eieetrophoroticalrly-^ruii siieos wore attempted, heeanae- i t  was thought
th a t semé of these pould he used fo r the c lass ifica tio n  of micrococci
and stapliyloCocci * Protein bonds were detected solely hy a standard
staining î*oaotion. Aitemx>ts v/ore made, however, to  detect enzymes in
gel s lices  hy  d irec t staining reactions# overlay methods (md Saturation .
methads* ' ■ The direct-.-staining reactions are based on those used in
histoCheiüical' studies fo r the detection of ens^ niaes in  mammalian tissue
sections* The mothcds fo r detecting enzymes hy d irec t staining are#for
eonvenionco# called J^enty# stains*^ T* e.g . esterase s ta in s . Tho term
rofors to  a coloured compound being, formed witen the product of the enzymic
reaction çoiiMnès with mx indicator or developer" solution. In some
instances a colourless chemical# like  a diazonium salt# reacts with the
X>roduct of hydrolysis to form à coloured insoluble com%mund; in others#
the product of the enzymic reaction releases an insoluble dye which pre-
c ip ita tés  ixx s itu . The overlay and saturation methods have not been used
before to discover the presence of enzymes e ith er in  tissue sections or in
gel s lic e s . In tho overlay methods# an electrophox^etieaily-x^un gel s lice
is  placed on top of an agar medium containing # e  ap%}ropriate substrate and
then both the gel s lic e  and the agar are incubated together; a fte r
incubation v is ib le  reactions can ho observed in  tl^e gol s lice  or the
agar medium. In tho saturation methods the gel s lice  i s  incubated
in  a liqu id  snbatrato medium# so tha t the substx*ate can penetrate into
tho s lic e  and a f te r  iiiCubatioB v isib le  reactions Can he observed
-  2 0 3  -
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in  th e  gel, s l ic e »  In  th e  d e te c t io n  o f raioroooocal. ând
stap liÿ lo co co a l enajniies in  g e l s ,  two s ta n d a rd  methods f o r
dem onstra ting  h a o te r ia l  enzymes in  g e ls  were used  -  E s te ra s e
Method 1 , th e  V -naph thy l a c e ta te  method, and th e  G ata laso  hydrogen
perox ide  (ïh^Og) Method -  a l l  th e  o th e r  s ta in in g ,  o r ensyme d e te c t io n
methods d e sc rib ed  were ex p e rim en ta l# .
U nless o th e rv d se  s ta te d  g e l  s i lo e s  wore in cu b a ted  a t  room tem peratu re .
PROTEIN BTAIÏÏ -  Aorylamlde s l ic e s .
S ta in s  A s a tu ra te d  s o lu t io n  o f H aphthalene B lack TS (G*Gurr, L td . #
London) .in  5/^ (ç )  a o e tio  acid*
This s ta ih in g  s o lu t io n  was poured on to  g e l  s l i c e s  and allow ed to  
soak in ,  w ith  h e lp  o f  g e n t le  a g i t a t io n ,  fo r  30 m in u tes . The 
.hackgroimd s ta in  was th en  removed from th e  s l i c e s  by m o o ess iv e  
r in s e s  w ith  5/  ^ a c e t i c  a old* . Pa^otein bands s ta in e d  dark  b lu e  a g a in s t 
th e  c o lo u r le s s  background o f th e  aory lam lde.
Method Is  the,<K-nuphthyl a c e ta te  method (Gomori, 1952b; Lav/renoe e t  a l . ,  I 96O) -  
S ta rch  and ao3^1amido s l i c e s
S ta in s  X -n a p h tliy i a c e ta te  (l?i in  a c e to n e ) , 5 m l .g
V
F a s t Blue B o r F a s t Blixe BB or F a s t Blue Rll diazonium  s a l t s  
(G .Gurr L td.# London)# 50 mg.
B u ffe r s o lu t io n  a t  pH 6 .4  c o n ta in in g  O.IM " t r i e " ,  60 ml* 
and O.IM m aleio  a c id ,  40 m l.
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Gel 811008 were flo o d ed  w ith  th e  f r e a h ly  p rep a red  a ta in io g  B olutio ii 
and lu cu h a ted  from betwoen X and 6 hours w ith  g e n t le  a g i ta t io n #  oo 
th a t  th e  o ta iu  was n o t cieposited  m ev o n ly  on th e  g e l  o lioeo*
Bat o ra 60 a c t i v i t y  v/ao ohowii by th e  appearanee o f bands# v a ry in g  in  
co lo u r from dark  re d  to  b la ck  depending on th e  etwlt uced .
E s te ra se  Method I  Tube T eat
In to  a  t e a t  tube  (1 0  % 0 -7  cnu) was p laced  two drops o f  "trla**«*maleato 
b itf fe r  a t  pH 5*-2# co n ta in in g  0#5 ilg* o f F ast Blue B a a l t # and 2 drops 
o f ensymo s o lu t io n  (oorapooed o f th e  pooled c o l l  co n te n ta  o f  fo u r 
a t  r a in a  g which gave 6 eo to ra ae  banda o f d i f f e r e n t  v'alueo by 
B eteraao  Method 1 )-  A c o n tro l  tu b e  was s e t  up In  th o  açime way# 
excep t t h a t  th e  ensymo s o lu t io n  load been prevzloualy b a ile d *  Both 
th e  t e a t  and c o n tro l  soX utiona were inoubated  a t  30^0 f o r  6 hours*
Method 2s the nawhthol AS a c e ta te  method (Gomori, lS52b) «
Ao3iy3-amido allcea
A 1/y Ç s o lu t io n  o f n ap h th o l AS a c e ta te  (G.Gu-rr L td*# London) 
wan %)repared in  equal paozks acetone and p ropy lene g ly c o l (B*B*H-) 
from vvhioh 1*0 ml* was added to  ,15 m l. propy3/eno g ly c o l end th e  
m ix tu re  shaken* T h is  s o lu t io n  wap thon d ilu te d #  w ith  wato'r w ith  
o o n etan t o tira^ ing , to  form a t o t a l  volume o f 50 ml* To t h i s ,
5 ml* of 0*2M phosphate buffer a t  pH 6*5 was added# followed by 
25 mg* of Fast Garnet GBG s a l t  (G*Guiu3 Ltd*# London).
The f re a h ly  p rep ared  s ta in in g  so lu t io n  wap f i l t e r e d  on to  g e l  Blioeo# 
which were Inoubated  ovejm lght e i t h e r  a t  37^0 o r  a t  room te m p éra tu re , 
and thou  th e  a l i c e s  weaze examined f o r  dark  re d  bands*
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A lte ra t io n s  in  th e  i.>H o f th e  phosphate b u f fe r  ûml th e  uoè o f 
"triD**-3ialoate "buffer and o th e r  diazo. s a l t s  were c a r r ie d  out in  an 
a ttem p t to  improve tho, a ta in  f o r  d e te c tin g  o o te ra se  henda*
M odified E s te ra oe Method 2 .
E o te rase  Method 2 was a l t e r e d  so t h a t  a  ’‘tx 'io"-,m aloate huffG.r a t  
pH 7 and Red TH s a l t  vmre o u b e titu to d  fo r  th e  phosphate buffer? and 
tho  G arnet GBG s a l t  re s p e c tiv e ly *
Eoteszaeo Method 2 Tube Teat
In to  each o f 4 t o o t .tu b es  (3*0 x  0*7 cm* ) were p laced  2 cbopo o f  
phosphate b u f fe r  a t  the  a p p ro p ria to  pH (4*6, 6*0, 6*5 <>'«■" 6*9)# 
c o n ta in in g  abou t 0*5 n%g* o f  d iazo  s a l t  ( e i th e r  G arnet GBC or F a s t Blue B) 
and two (hzopo o f  enzyme s o lu t io n  o f th e  same com position  as t h a t  u sed  
in  E s te ra s e  Method 1 Tubs Test* D up licate  s e t s  o f tu b es  v;o3ze p rep a red  
f o r  eoxitrols^ ex cep t th a t  th o  ohzyme so lu tio n  had boon p re v io u s ly  
b o i le d .  Both th e  t e s t  and th e  c o n tro l s o lu t io n s  were in cu b a ted  e t  
30^0 fo r  6 hours*
Otolt Bt Witheîîa, 1952) -
B lice s
50 mg* o f Indoxyl a c e ta te  (b .L ig h t & Co* L td . , )% gland) v/ere
d is so lv e d  in  1*0 ml* e th an o l vdiioh vms thon  added r a p id ly
w ith  sh ak in g , to  a  s o lu t io n  co n ta in in g  th e  folloY dngs
" t r i s "  -  HOI b u f fe r  (pH 8*5), 20 m la | o x id is in g  s o lu t io n
o
c o n ta in in g  p o ta ss itm  fo rrooyan ido  (5 and potassium
fc rric y am ld e  (5 % 10*%!), 10 ml# H c a lo iim  c l i lo r ld e , 1 ml;
SM s o d te i  c h lo r id e , 50 ml* D is t i l l e d  w ate r was f i n a l l y  added 
to  b3»ing th e  vo3,ume o f th e  s o lu t io n  im to  a t o t a l  o f  100 ml*
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Gel a lio o ü  t/0330 inoubatod  In  th o  o ta in in g  so3.ution o v e rn ig h t e i th e r  
a t  37^0 o r a t  room tomperatmzG and thou e3inmined f o r  dark b lu o  haiidoi 
Pooled o o l l  oontentB  o f 4 mio33oooooal and o taphy lococoal a t r a in a ,  
g iv in g  6 eotoraoG handa o f  d r lffe ren t v a lu e s  d e to o ted  by Boterao© 
Method 1 , t/e re  03:amlned by t h i s  method*
Tho " t 2?io"-H01 b u f fe r  was umd  a t  v a r io u s  pHs in  an a ttem p t to  
improvo th o  Indoxy l a e o ta te  s t a in  f o r  th e  cteionatrcation o f  oo teraseo- 
Method 4a t lv ) .brorao-iiidoxyl a o o ta te  method (H olt* IgQO) »
13 mg* o f  5»bromo-indo:%rl a c e ta te  (L*Light & Oo*, England) 
\7oro d io so lv ad  in  1 m l. o f e th an o l and a u b s t i tu te d  fo r  th e  
in d 02£ jl a c o ta to  in  Eatea/aoe Method 3# o thervrise  t h i s  
method i s  id e n t i c a l  to  üfethod 3 .
OJliQ aarao poo led  c o l l  co n ten te  th a t  wore used  f o r  B ato raso  Method 3 
were used  in  Esto.raGD Method 4 *
"Tj3is"**HGl b u f fe r ,  phosphate buffos:, and "tria*'-mlOQto*Ha0H 
b u f fe r  Yjore a l l  usgcI a t  vario u o  pHe, and th o  o o n co n tra tio n  o f o th e r  
c o n s t i tu e n t  a o f  th e  broino-indoxyl a o e ta to  s ta in  ?/oro a l t e r e d  in  
attoraptD to  improve Ssto3:aae Method 4 fo r  th e  dém onstra tion  o f  
estessaoos.
ACID PHOSPimTABE STABï ** Aorylam lde B lioeo
Method la  th e  m eta l s a l t  method (GOmori, 1950c |1952b)
0*6 g . o f  Pb(hO^)^ v/as d isso lv ed  in  500 ml* o f  Q*05M a c e ta te  
b luffer (pH g.O ) to  v/hich was th en  added 50 m l. o f  a  3^ 6 (O.IM) 
o f  sodium g lycerophosphate  *
8 , ____
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Aftoa: th e  s ta in in g  e o lu tio n  had boon in cu b ated  fo r  24 hours a t  37^0 
i t  Y/U0 f l l to fG d  and poured over g e l  o lic e o  which wore incuhatod  a t  
37 0 o r room tem p era tu re  f o r  up to  24 houfaî B ltoo  o f  phosphatase 
aotiv3;by beoamo ohalky w luto  from tho  d ép o s itio n  o f lo ad  phosphate# 
Tho a i io o s  were th en  r in a o d  in  w a te r , aoicW,fi0d in  ifo a c e t i c  aoicl 
and f i n a l l y  p la ced  in  a  d i lu t e  s o lu t io n  o f amaonlum su lp h id e  
(2  drops S in  50 ml# o f  m t o r )  f o r  about 3 imlmitee, a f t e r
%7hich B ite s  o f  a o t i # t y  became dark  brown owing to  th o  conversion  
o f  le ad  phosphate to  le a d  su lph ide#
O tq in i 50 o f oocliuift«>(-»naphtî:ïyl phosphate Y/ore addod to  50 m l. o f 
d i s t i l l e d  w ater and th en  th i s  s o lu t io n  mixed w ith  gO m l. o f
a c e ta te  b u f fe r  (pH 5 # 0 ). 60 mgé of F a s t Hed V io le t IB e a l t
(G .G urr, L td . ,  London) v/exe d isso lv ed  in  th e  s o lu t io n  which 
was th e n  f i l t e r e d ,  and f i n a l l y  2 drops o f  a  10^5 s o lu t io n  o f 
MhOlg wore added b e fo re  u s e .
Gel B iice s  w ere in cu b a ted  o v e rn ig h t in  th e  s ta in in g  s o lu t io n  a t  37^0
o r a t  room te m p e ra tu re , and th en  th e y  wore examined fo r  dark  re d
bands. Pooled c e l l  c o n te n ts  o f  4 s t r a i n s ,  in c lu d in g  one p roducing  
a band d e to o ted  by Phosphatase Method 1 , wore examined hy t h i s  
method#
Tho "tris"»H G i b u f fe r  was used  a t  pHo vary;lng from  3 to  7» and Red 
3GB s a l t  (G .Qurr L td . ,  London) u/ao s u b s t i tu te d  f o r  F a s t Hod V io lo t )IB 
s a l t  in  a tte m p ts  to  improvo thoo< -naphthyl phoepliutc s t a in  fo r  th e
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domouQtration of acid ifaosplmtaaos*
St a i ns 25 mg* o f  n ap h th o l AS A!l phoopM to ( N u tr i t io n a l  B ioohom icals 
C o rp o ra tio n , C leveland , OMo) were d ipoo lved  in  1*5 m l. o f  
BMF ( dim ethylfom m M do; B.I)*H.) and t h i s  eo lm tion addod to  
100 m l. o f  " tr is " -m a lo n to  b u f fe r  (pH 6*0) fo llow ed  by 30 mg 
o f  F ast Red TR s a l t  (G#Gurr, L td . , . London).
Tho gel aliooo were inoubàtod in tho otaining solution for 12 hours 
at either 37^ 0 or at room temperature, after which dark red bands 
should appear. Tho same pooled ooll contents that wcro used for 
Phosplmtase method 2 were ucod in Phoeplmtase Method 3*
Tho " tr is " - r a a le a to  b u f fe r  wao used  a t  pHo v a ry in g  from 5 .6  to  
7*4 double s t r e n g th  " t r i s i t* o i t r a t e  b u f fe r  usod in  th e  
p re p a ra t io n  o f  th e  g e l  o lic e o  in  a ttem p ts  to  improvo th o  u ap h th o l 
AS phosphate method f o r  th e  dem onstra tion  o f a o id  p h o sp h a tase s .
& m CIHCmOHimSB s m iu  -  Acryl§m iao oliGoe 
Tho p o s t-c o u p lin g  method (B o lig w n  e t a l . ,  1954)
30 xiïg» o f 6 -B ro m o -2 -n ap h tliy l-^ -ïV glucopyrànôD ldo (Koch-Light 
L a b o ra to rie s  L td . ,  E ngland) wore d is so lv e d  in  5 m l. o f  
m ethanol and then  added to  a  s o lu t io n  c o n ta in in g  20 m l. 
p lio s p h o -c itra te  b u f fe r  (pH g.O) and 75 m l. d i s t i l l e d  w ater* 
Col s i l o e s  we3:e in c u b a te d  f o r  8 hours in  t h i s  s ta in in g  
s o lu t io n  a t  37^8. A f te r  t h i s  tim e tho  s l i c e s  vmre r in s e d  
in  ta p  w ate r and immersed in  a  s o lu t io n  o f  F a s t Blue B 
( l  mg*/ m l.)  i n  phosphate b u f fe r  0.02M (pH 7*5)« S l ic e s  
were In cu b a ted  f o r  a f u r th e r  6 hours*
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gôl Bltooo woaje estaiTiined foz #%k bEom liandq after tho f in a l  
Inowliation porloâ.
PRQgEOIjymo MZTOIS BægraOH .  Acrylamiao n lloeB
(aomon, 199# *  Burstone
6  m U t  1956)
atinini 10 ffigt of Ii-Isnoyl-R-»naplithylaB)ido Siydroehlorlde was
added to  a  s o li i t io n  q o n ta ln iiig  0 .0  ml* d i s t i l l e d  w ater and 
20 m l. o f  0.2M "tria**-HOl b u f fe r  (pH 7 .1 ) ,  and them 60 mg'* 
o f  F a s t  G arnet GBC s a l t  (O .Gurr L td . ,  London) wora 
d is s o lv e d  in  th o  s o lu t io n .
Gel o lio o a  u/ero in o u h a ted  in  th e  f i l t o r o d  s ta in in g  s o lu t io n  o v ern ig h t 
a t  37^8 and room te m p e ra tu re , and th e n  examined fox  dark  ooXourcd 
bands*
Tho "triB *‘-HGl b u f fe r  vrae u sed  a t  pHo g .? ,  7*1 and 7^6 in  an 
a ttem p t to  Improve th e  am ilnopoptidase, asso-dye s t a i n  f o r  th e  dem onstra tion  
o f  p r o te o ly t ic  enzyme bands.
I^S k ife lîâ*  h e s a l modium was made up in  tho  fo llo w in g  way#
15^  (y ) ag a r  (M fc o )  vfm d isao lv ed  and hoatod  in  f u l l  
s t r e n g th  Xlingor*o s o lu t io n .  T h iom qrsalato  was added 
to  th e  qo&led, h u t o t i l l  m olten ag a r to  g iv e  a  
c o n o e n tra tio n  o f 1 in  10,000. Tho medium was s to re d  
in  approsdm ately  20 ml* amounts in  u n iv o rs a l  o o n ta in o ra  
and th o se  Y/oro u sed  when req u ired #  Tho b a s a l  modimii 
was renoY/od ev e ry  2 'months*
O onoen tra tions of m ilk , b o th  p a s te u r is e d  and s t e r i l e
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skim m ilk  so lu tio n #  between 1 and 3 0 / C^) were made up 
in  50 m3.* molten# bu t cooled# b a s a l  mediuiu* T his was 
a-13.ov/ed to  s e t  in  moulds and th e  mi3k agar b locks c a s t .  
The u n s ta in e d  g e l s l i c e s  were p la ced  on th e  m ilk agar# b o th  were 
wrapped up to g e th e r  in  "M elinex" to  p reven t evapora tion#  and were 
in cu b a ted  overn igh t#  and f o r  up to  3 days, a t  3T^0 o r a t  room 
tem perature® . The g e l  s l i c e s  wore th en  examined f o r  zones o f 
clearing®
M othkl 3 s m ilk sa'buraM on method 
. S u b s tra te s  P a s te u r is e d  m ilk
Gel s l i c e s  were in c u b a te d  o v ern ig h t in  the  imllk a t  37^0 o r 4^0 and 
th e n  examined f o r  zones o f  c le a r in g .
Method 4 s g e l a t i n  over3.av method
S u b s tra te s  G e la tin  a t  o o n o en tra tio n s  o f  between 1 and 2 0 / (^ ) in  
w ate r was s u b s t i tu te d  f o r  mille in  P r o te o ly t ic  Enzyme 
D eteo tio n  Method 2 .
\71ien th e  in c u b a tio n  p e r io d  Y/as com plete, bo th  th e  g e l  a l io o s  and th e  
g e la t in  o v e rla y  were examined f o r  zones o f  c le a r in g  a f t e r  th ey  had 
been soaked in  a o id ic  m ercuric  chloride®
S o lu tio n s  o f g e la t in  in  c o n c en tra tio n s  o f  between 1 and 
( ; ) .
Gel s l i c e s  were in cu b a ted  o v ern ig h t a t  37^G, room te m p era te ee , o r  4^8 
in  th e  s u b s t ra te  s o lu t io n s  and th e n  th e  s a tu ra te d
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gel s ilo e s  vmre examined fox zones of clearing a fter  the addition  
of aoidio mercuric chloride*
TOHASE. DIggEOTION # Aorylami do s ilo e s  
The urea overlay method
Substrates 2 /  (“ ) urea and thiomersalate (to  give a f in a l
1concentration of jq ) in various molten but cooled 
urea basal media* The urea agar media were puured
into moulds and oast as blocks when set*
Basal Medium 1 -  Cliristensen*© (1946) urea basal 
medium, including phenol red as indicator (pll 7)*
Basal Medium 2 -  Ohristensen's (1946) urea basal 
Biedium including phenol red as indicator, buffered
with "tris"-HOl to give pHs of 5 and 6*
Basal Medium 3 « 1*5/ (ç) agar (Difco) containing 
25 mg./lOO ml* tiiymol blue indicator (B.B.II*) 
buffered with "tris"-HGl to give pH o f 6i 
Basal Medium 4 -  Basal Medium 3 containing ^ strength 
Ringer*a solution*
Basal Medium, 5 -  Basal Medium 3 with an increased 
concentration of indicator 50 rag*/lQO ml*
Eaoh ge l s l ic e  Y/as la id  over the oast urea agar b locks, and both v/ere 
incubated together as for Proteolytio Enzyme Detection Method 2 
(page 3.07)* Urea bands ware reoognioed by colour changes in  the pH 
indicators, occurring in  d iscrete zones, inbboth the g e l s l ic e s  and
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the urea overlay blocks * Results were norffial3.y read from the gol 
' s lices*
The urea tube mot hod
Strains v/ere grown overnight on Blood Agar BugbNq* 2 slopes at 30^0, 
the growth suspended in s te r ile  d is t il le d  water (about 0*5 *• 1 ml*) 
to give a oroamy consistency, and the suspensions added to a te s t  
tube containing 1*5 ml# of a m:ea medium (page 533). These tubes 
were Incubated at 30^0 for 30 minutes and the contents examined for 
tho production of ammonia, indicated by a colour change in the 
pH indicator#
The urease induction method
Strains u/ere grown in Blood Agar Baso No* 2 containing ^  urea for 
2 days at 30^0 and then the c e lls  suspended in  s te r i le  d is t i l le d  
water and tested  bÿ the urea tube method (giageZIt)*
IiIPABE DETECTION -  Aorvlamide slioea  
Method jg the 2-nanhthyl laurate method
Btalns 2-naphtliyl. laurate (iCooh-Light Laboratories Ltd., England) .
was substituted for ô<^-naphtîiyl acetate in  Esterase Method 1 
(page %%) *
Gel s lio e s  were incubated overnight either at 37^0 or at room 
temperature and then examined for dark bands*
Method 2 t  the tributvrin overlay method
There are two s lig h tly  different approaches to th is  overlay 
method*
a) Molten Tributp’in  Agar (OxpiO, page was poured in to  
moulds and allowed to  s e t . Gel s l ic e s  v/ere placed on 
tho GurefaoG of the oaso Tributyrin Agar blocks*
b) Cooled but molten Tributyrin Agar was poured d irectly  
on top of gol s lio e a è The pgar v/aa kept from ,
ao lid ify in g  by maintaining the temperature at 56^0 
for, 10 minutes; th is  allowed the Tributyrin Agar to  
aoak in  to  tho s l ic e  a. Tho agar medium within end
on top of the s ilo e s  was cooled so that i t  set in s itu .
The g e l s l ic e s  and tho substrate medium were wrapped up in  "Melinex" 
to prevent evaporation and incubated at 37^8, room temperature, or 
4^C. Areas of clearing in  the opaque Tributyriu Agar appeared after  
24 hours, i f  tributyrlnase onzyraes v/ere present in  g e l s l ic e s .
Method 3; the N ile  Bluo sulphate tributycin overlay method 
Substrate: 25 mg* of N ile  Blue sulphate (G.Gurr L td., London) were
f ir s t  o f a l l  added to 100 ml. o f the molten Tributyriu 
Agar, and then th is  mixture used acoprding to Lipase 
Methods 2a) and 2b), in  place of Tributyriu Agar alone. 
S ites  of lip ase a c t iv ity  could b© indicated by blue zones in  the 
g e l s l ic e s .
Method 4 g the tributyriu  saturation method 
Substrat^% 25 mg. of N ile Blue sulphate in  100 ml. o f liquid
glycerol tfibutyrato (B.B.H.)
Gel s l ic e s  v/ere incubated in  the substrate medium overnight at 37^8,
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room te m p e ra tu re # o r  4^8® S i te s  o f l ip a s e  a o t iv i ty  should  show as
b lue  zones
SÏÏOCBÏXO 'DBHrmOGEMBS .STAIN -  Aorylamlde s l i c e s  
Method 1 : th e  N i t r e  BT method (N achlas o t al® , 1957)
S ta in s  gO ml® o f a "buffered su o o in a te  so lu t io n  (25 ml* o f phosphate
"buffer 0.2M pH 7*6? 25 ml* o f  sodium su o o in a te  0.2M) were
addod to  gO ml* o f an aqueous s o lu t io n  c o n ta in in g  gO mg. o f
N itro  BT té tra z o liu m  s a l t  (D ajac ta"bom torieB# P h ila d e lp h ia , 
P e n n sy lv a n ia ) , p re v io u s ly  d isso lv e d  in  X ml* o f -e th a n o l .
Gel s l i c e s  were incu"bated o v e rn ig h t a t  37^8# or room tem p e ra tu re , and 
th en  examined f o r  b lu e  form azan d e p o s its  a t  s i t e s  o f  dehydrogenase a c t iv i ty .  
Method 28 th e  m odifie d  N itro  BT method (Naohlas e t  a l . ,  1957? m odified  
"by Bur stone# 196 2)
g t a in : 40 ml* o f d i s t i l l e d  w ater were added# w ith  co n s tan t a g i ta t io n #
to  10 mg* o f N itro  BT té tra z o liu m  s a l t  p re v io u s ly  disso3.ved in  
0*5 o f  e th a n o l;  1 mg* of sodium su c c in a te  \ms d is so lv e d  in  
20 ml* o f d i s t i l l e d  w ater and added to  th e  above s o lu t io n , 
fo llow ed  by 40 m l. o f Q*?M " t r i s "-EG 1 b u f fe r  pH 7*4 to  
b r in g  th e  t o t a l  volume up to  100 ml.
Gel s l i c e s  were in cu b a ted  in  t h i s  s ta in in g  s o lu t io n  o v ern ig h t a t  37^8# 
and th en  examined fo r  b lu e  formazen deposits*
LACTIO »ïYÎ)ROG-mBB S'fABT -  Aorvlandde s l i c e s  
The N itro  BT method (.Dewey & C onklin , 1960b)
S ta ins The s ta in in g  s o lu t io n  was p rep ared  in  100 ml* amounts a s  fo llo w ss -  
sodium la c t a t e  O.IM; NAD (n ico tin am id e  adenine d in u c le o tid e  ;
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Kooîi-X/ight L abora to ries#  L td*, E ngland), 0#3mg/ml; Pîv© 
(N-methyl-phemaoniuin. met ho su lp h a te  |  L* L ight à Do* L td*,
England, 0 %  mg/ml ; N itro  BT té tra z o liu m  s a l t ,  0*5 mg/ml; 
sodium cyanide O.IM; phosphate b u ffe r  0.25M, pH 7*4#
Gel s l i c e s  wore in cu b a ted  in  t h i s  so lu tio n  fo r  2 hours a t  37*^ 0^ , Bands
shovæd up as  b lu e  formazan dep o sits*
m i l  G LBHYLItOGEMSE BTAH^ f -  AoCTlarnide s l i c e s
The- N itro  BT method (Thorne e t  a l * , 1963)
Bt a in s The s ta in in g  s o lu t io n  was p repared  i n  100 ml* amounts as fo llo w s*< 
sodium Xi«malate yO.llMj MA.I),0*7 mg/ml ;
BMS, Q‘.G2mg/ml; M itro  BT té tra z o liu m  s a l t ,  0*4 mg/ml; 
e*lM " t r i a "  -  KGl b u f fe r  pH 8*4#
Gel s l i c e s  were in cu b a ted  in  t h i s  so lu tio n  fo r  4 hours to  o v ern ig h t a t  
37^8* Bands showed up a s  b lu e  formazan d e p o s its .
PEROXIDASE STAIN -  Aorylamlde s l i c e s '
Method  I s  th e  "Nadi" method (,a m o d ifica tio n  o f  th a t  o f L i l l i e ,  1954) 
S ta in : Two s to ck  s o lu t io n s  were p re p a re d :-
a ) 06*naphthol (5*76g*) d isso lv e d  in  60 ml* o f N NaOH and 
d i lu te d  Yvith d i s t i l l e d  v/ater to  500 ml*
b) diothylw p-phenylenediam ine monoliydrochloride (6*9 g#) 
d is so lv e d  in  500 m l. d i s t i l l e d  waiter.
When 70 ml* o f  a )  and 30 ml* o f b) a re  mixed a  dark  b lu e -g reen  
o o iau r w ith  a f a i n t  w h ite  p r e c ip i ta t e  r e s u l t s  (pH 9 -  lO ).
Gel s l i c e s  were in cu b ated  in  t h i s  mixtm:e f o r  1 to  2 hours du rin g  whmoh 
tim e b lu e  bands appear on th e  s l ic e s *
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method from th a t  of (1954) th a t  d:letl.^l»p»
piiohTl^hCHlloiuino itionohyclrochloride :1s uood in o to a d  o f  th o  dim ethyl 
compoimd aad a ls o  :ln th a t  TO;î o f  a )  i s  mixed w ith  30/i o f  h) ia e te a d  
o:C a )  and h ) ho ing  mixed in  eq iia l 'proportilorio «
Mabhod 2s th e  o ^ d la n ie id in e  method (Brolth# i 960)
Staiia^ The fo llo w in g  a ta iu ln g  s o lu t io n  v/ae p re p a red 8»V'7 fkCui 1pi V*^ V* 'f4
I . 5M a c e ta te  ao ld  b u ffe r  pîl 4 *<5? 35 ml p d i s t i l l e d  w ater 80 ml g
o « d ia n ia id ln e  Img/ml, i n  e th an o l 35 ml#
20 volumes 5^  (added Imjneillatoly hoforo  uao)? 5 ml*
Gel a lW ea xio'^ B iucuhatocf in  t h i s  so lu t io n  fo r  2 to  3 houra a t  37^0 o r  • 
o v e rn ig h t a t  room tem im rature^ and th en  th ey  .were exaiiri.ned fo r  brown hands* 
CATi\MB?i lETHOTXOH * S ta rc h  and Ao:i?jlamide' B licoo
BmjigOg gmMmû (I'aui & Fottssiii, issi)
s ta in s  By th e  n a tu re  o f  t h i s  method th e  prooence o f s t a r  oh i s  rctxuirod
in  th e  g e l  a l io o a ;  a o ^ la m ld e  a lio o e  worQ.soakod in  a  cooled
d i lu te  b o ile d  o ta ro h  s o lu t io n  ovorn igh t a t  4^8 and th en  th e
allGOO wore r in s e d  f o r  about 30 m inutea in  co ld  tup  w ater to
remove oxooaa n ta rc h  inunodiately b e fo re  band d e te o tlo n  was attem pted .
Clel e l ia e a  vroro flo o d ed  w ith  Xj4 (^ ) E,jOg (lOO volumoa) f o r  a  ■
few oeconcHrj and nnohed in  iiwixrhxs w ater to  remove exoeas peroxide*
s lic G s  were th en  p laood  :in 2/:^  (g ) potaaoium  io d in e  solutrlon
a o id 'if io d  w ith  a  few drops o f g l â c ia l  a o o tio  a o id  and inoubatod
f o r  a  fon  m inutes#
O atalaae bands appeared  m  c le a r  a re a s  og a in o t th e  dark b lu e  baokground
o f  th e  g e l  o lio e o  Imd been sta inec l u l t l t  th e  io d in e  ro lea c o d  from
pot&\saium io d in e  by th e  peroxide*
-  SI?
OYTOOHaOIÆB OXIMSB S'JAIM -  Aoryjamide s l io a a
Method Is  th e  p^anainodiphemrlamiKe method (Burston© 1959a# 1960a, 196I )  
S ta in > th e  in c u b a tin g  s o lu t io n  was p repared  as  fo llo w s î
30 nïg. o f p*aminodiphenylamine and 30. mg. o f  l**phenyl- 
3«'metl7yl**5‘-pyi;aaolone, p re v io u s ly  d is so lv e d  in  1 m l. o f  
e th a n o l, were added to  70 m l. o f d i s t i l l e d  water* which 
r e s u l t s  in  a oloudy so lu tio n *  30 m l, o f  0.2ÎVI " t r i s "  -  
HOI b u f fe r  (pH 7*4) were mixed in  th e  above s o lu t io n  and 
th e  r e s u l t a n t  l iq u id  f i l t e r e d  b e fo re  u se .
Gel s i lo e s  were inoubatod  in  th e  s ta in in g  s o lu t io n  a t  37^G f o r  
2 hours and th e n  th e  ensyme bands were made v i s i b l e  by in o u b a tin g  
th e  s l i c e 0 fo r  a  f u r th e r  p e rio d  o vern igh t in  0.003M Pb(NO^)^ in  
o rd e r to  c h e la te  th e  dye. Bands appeared pinlcish^^brovm on 
exam ination o f  th e  g e l  s l i c e s .
Method 2* th e  cytoolirome ox idase  té tra z o liu m  method (Oda e t  al** 1958) 
S ta in t th e  in o u b a tin g  s o lu t io n  was p repared  a s  fo llo w s in  100 ml. 
amounts#
eqjual volumes o f phosphate b u ffe r  (O .M , pH 7 «6), 
p*-phenylenediamine s o lu t io n  in  d i s t i l l e d  w ater (0.2M ), 
n éo té traz o liu m  c h lo rid e  so lu t io n  in  d i s t i l l e d  w ater (O .:^ )  
and f pytxochrome 0 s o lu t io n  in  d i s t i l l e d  w ater (O.OOOBi) 
were mixed ju s t  b e fo re  u se .
Gel s l i c e s  were in cu b a ted  in  t h i s  so lu t io n  fo r  18 hours a t  37^0 and 
then  examined fo r  dark  brovm bands.
-  SI?
OYTOOHaOIÆB OXIMSB S'JAIM -  Aory-Jamide s l io a a
Method 1 : th e  u^anainodiphemrlamiKe method (Bureton© 1959a# 1960a, 196I )
S ta in # th e  in c u b a tin g  s o lu t io n  was p repared  as  fo llow s#
30 mg. o f p*aminodiphenylamine and 30. mg# o f l**phenyl- 
3«'metl7yl**5‘-pyi;aaolone, p re v io u s ly  d is so lv e d  in  1 m l. o f  
e th a n o l, were added to  70 m l. o f d i s t i l l e d  water* which 
r e s u l t s  in  a cloudy s o lu t io n .  30 m l, o f  0.2ÎVI " t r i s "  -  
HOI b u f fe r  (pH 7*4) were mixed in  th e  above s o lu t io n  and 
th e  r e s u l t a n t  l iq u id  f i l t e r e d  b e fo re  u se .
Gel s l i c e s  were inoubatod  in  th e  s ta in in g  s o lu t io n  a t  37^8 f o r  
2 hours and th e n  th e  enzyme bands were made v i s i b l e  by in o u b a tin g  
th e  s l i c e 0 fo r  a  f u r th e r  p e rio d  o vern igh t in  0.003M Pb(HO^)^ in  
o rd e r to  c h e la te  th e  dye. Bands appeared pinlcish^^brovm on 
exam ination o f  th e  g e l  s l i c e s .
Method 2* th e  cytoolirome ox idase  té tra z o liu m  method (Oda e t  a l .*  1958) 
S ta in t th e  in o u b a tin g  s o lu t io n  was p repared  a s  fo llo w s in  100 ml. 
amounts#
eqjual volumes o f phosphate b u ffe r  (O.M * pH 7 «6)* 
p*-phenylenediamine s o lu t io n  in  d i s t i l l e d  w ater (0.2M ), 
n éo té traz o liu m  c h lo rid e  so lu t io n  in  d i s t i l l e d  w ater (O .:^ )  
and f pytxochrome 0 s o lu t io n  in  d i s t i l l e d  w ater (O.OOOBÆ) 
were mixed ju s t  b e fo re  u se .
Gel s l i c e s  were inoubatod  in  t h i s  so lu t io n  fo r  18 hours a t  37^0 and 
then  examined fo r  dark  brovm bands.
nm m m tm  OXimSB STABT W Aorylam lde s i lo e s
The te t r a a o ,livim method (G lenner e t  a l ,.* 1957)
S ta iu i The in o u b a tin g  s o lu t io n  was p repared  a s  fo llo w s* -
try p tam in e  Ixydrochloride (Xt*light & G o . l td .* England) 100 mg*; 
sodium sù lp îia te , 16 iiig. j -H itro  BT té tra z o liu m  s a l t ,  20 mg. ; 
O.IM phosphate b u f fe r  (pH 7*6) 20 m l.; d i s t i l l e d  v?ator 60 m l. 
Gel s l i c e s  were in cu b a te d  in  t h i s  s o lu t io n  o v e rn ig h t a t  37^8* o r a t  
room te m p e ra tu re . Blue formazan d e p o s its  should  in d ic a te  monamine 
ox idase  a c t i v i t y .
BOPA OXIDASE STAIH -  A crvlam ide s l i c e s
The BOPA method (Gomori,. 1952b ,m odified  by B urstono , 1962)
S ta in * The s ta in in g  s o lu t io n  was p repared  as follows**^
100 mg. o f  d ihydroxyphenylalan ine (DOPA) were d is so lv e d  in  
0.1ÎÆ phosphate b u f fe r  (pH 7*3 -  7*5)*
Gel s l i c e s  were in cu b a ted  in  t h i s  s o lu t io n  o v e rn ig h t and lo n g er a t  
37 0 o r  room te m p e ra tu re . A b lo ck  pigm ent, m elan in , should  appear 
round s i t e s  o f  DOPA ox idase  a c t i v i t y .
STARCH HYIHOXiYSIHG M W E  DETHOTICH -  S ta rch  and acrv lam ide s l i c e s  
The method (Paul & Pottrell, I961)
D e te c tio n s S ta rc h  g e l  s l i c e s  and s ta rc h -so ak ed  aorylam ide g e l
s l i c e s  were inoubatod  o v ern ig h t o r lo n g e r a t  37^8,
oroom tem peratu re  o f  4 G and th e  method f o r  d e te c t in g  
s ta r c h  h y d ro ly sin g  enzyme bands i s  i d e n t i c a l  to  th e  
method f o r  d e te c t in g  c a ta la s e  bands (page .
-  219 -
The s ta rc h  liyd ro lÿa lng  enzyme hands ta k e  a  few m inutes lo n g er to  
appear th a n  th e  c a ta la s e  hands and a re  y e llo w -p u rp le  a t  f i r s t ,  
b r ig h te n in g  to  y e llo w , o r even re d  in  some o a se s , about 30 m inutes . 
aftG3? th e  a d d i t io n  o f th e  po tassium  io d id e  to  th e  g e l  s l ic e s *
U nlike th e  c a ta la s e  bands th o se  s ta r c h  Iiydrolyeing  enzyme bands 
rem ain v i s ib le  f o r  many days when th e y  e v e n tu a lly  become c o lo u r le s s  
and o n ly  d isa p p ea r when th e  c o n tra s t in g  dark  b lu e  baolcg'round o f th e  
g e l  s l i c e s  has fad ed , and a ls o  th ey  a re  n o t seen  in  s ta rc h  g e l  s l i c e s .  
BLOOD BMP DETEGTIOU ^ S ta rch  and aorylam ide s l i c e s  
B a sa l Mediums The b a s a l  medium was made up a s  f o r  P r o t e o l y t i c  Enzyme 
D etec tio n  Method 2 (page )
Bloods V/hole d e f lb r in a te d  horse  blood (B urroughs Wellcome) ;
bhaep::blood in  A lsever s o lu tio n  (Burroughs Wellcome) ; 
tim e ex p ired  c i t r a t e d  whole human b lood  (Department 
o f  Bacteriology-Im m unology, U n iv e rs ity  o f  Glasgow); 
o i t r a t e d  vdiole r a b b i t  b lood ( d i r e c t  from a n im a l 's  e a r ) .
D e te c tio n s lOJ  ^ (^ )  o f  one o f  th e  sp ec ie s  o f  b lo o d , excep t sh e e p , 
was added to  40 m l. o f m olten b a s a l  medium and 
th o ro u g h ly  mixed. Sheep b lood  had to  be added to  th e  
b a s a l  mediiun a t  a  o o n cen tra tio n  o f  20$^  (^ ) to  g iv e  th e  
same in t e n s i t y  o f re d  co lour a s  th e  o th e r  b loods in  
th e  b a s a l  medium. The b lood ag ar was th en  o a ro fu lly  
poured in to  a  P erspex  t r a y  (14 x 12.3  % 0 .5  cm.) and 
v;as allow ed to  s e t ,  a f t e r  which i t  was t r a n s f e r r e d  to  
a  f i lm  o f "M elinex" by in v e r t in g  th e  mould and ea s in g  
th e  b lood  ag ar sh e e t on to  th e  f i lm .  Any drops o f
Z 2 0
rac istiire  were removod from th e  agar, su rfaoo  by- 
b lo t t in g  w ith  f l u f f l e s s  paper (K leenex ). A 
g e l  olioQ was p la ce d  on top  of th e  ag a r s h e e t ,  
ta k in g  ca re  to  exclude a i r  b u b b le s , and th e  two 
wrapped to g e th e r  w ith in  th e  "i^àliuex" f i lm . The 
package was th e n  p laced , on a  g la s s  p la te  and 
inoubatod  a t  37^0 overn igh t
% e n  th e  g e l  s l i c e  was s tr ip p e d  from th e  b lood  
ag ar n ex t m orning, th e  rod  c e l l s  in  th e  b lood ag a r 
b a s a l  medi-um had undergone ■ p a r t i a l  g e n e ra l haem olysis 
and th e  fo rm erly  tra n s p a re n t aory lam ide had now an 
o v e ra l l  re d d ish  o p a c ity  w ith in  which cou ld  be seen 
tra n s p a re n t bands. These bands were imde more 
obvious by soaking th e  g e l s l i c e s  in  w ater f o r  
12 hours so th a t  th e  so lu b le  b lood components 
cou ld  d if fu s e  out le av in g  a  w h ite  opaque background 
w ith  w e ll d e fin ed  c le a r  zones. In  s ta rc h  g e l  s l i c e s  
no re d d ish  o p a c ity  o r  tra n sp a re n t bauds were e v e rr  
seen .
Tim m?EGT Off H3IAT OH ISQmCES 
E s te ra se  Heatin/? Experim ent
Pooled c e l l  e o n te n ts  o f 4 m ioroooccal and s tap iiy lo co o ca l s t r a i n s ,  
each s t r a i n  p o sse ss in g  d i f f e r e n t  isozyme p a t te r n s ,  were h ea ted  in  
ampoules In  a  w ater b a th  a t  tem p era tu res  th a t  d id  n o t f lu c tu a te  more
«  2 2 1  -
tlmii t  0,5^0# C e ll co n ten ts  wore su b jec ted  to  tem p era tu res  between 
45^8 and 100°C f o r  v ary ing  p e rio d s  of tim e. G els were mm w ith  th e  
h ea ted  s amples and an unheatod  c o n tro l  in  th e  s l o t s .  A fte r , 
o lo o tro p h o re e ie , th e  g e l s i lo e s  wore s ta in e d  by E s te ra se  Method 1 
(page203), and th e  s l i c e s  were examined fo r  lo o s o f este5:ase 
a c t i v i t y  a s  f a r  a s  numbers and s tre iig th  of bands were ooaoornod. 
Peroxid a s e .  C a ta la se  and B lood band Hesvt in g  Exneriman t  
The same poo led  c e l l  co n te n ts  and th e  same method were used  as f o r  
E s te ra se  H eating  Experiment (page 120) except th a t  th e  e f f e c t  o f  h e a t 
was examined on p e ro x id a se , c a ta la s e  and b lood  band isozyme 
a c t i v i t y ,  and the  c e l l  co n ten ts  were su b je c te d  to  tem pera tu res 
between 45*^0 and 109^0 f o r  v ary in g  p e rio d s  o f  time#
SuGoinic dohvdro^^cgnase. Honama/ne oxidase H eating. Experim ent 
The same pooled  c o l l  c o n te n ts  and th e  same method were used  a s  f o r  
E s te ra se  H eating  ExperiBient (page 2^0) except th a t  th e  e f f e c t  o f  h ea t 
was examined on opaque bands d e te c te d  by S uco in ic  Dehydrogenase 
Method 1 and th e  Monamine Oxidase S ta in ,  and th e  c o l l  co n ten ts  were 
su b je c te d  to  tem p era tu res  between 45^0 and 109^0 f o r  v ary ing  p e rio d s  
o f  tim e .
TEE EPmiGT OF CHEMXCAL m ilB I T ORS OH ISOm^gS 
I n h ib i t io n  o f enzymes in  g e l  s l ic o e  was a ttem p ted  by p re - in o u b a tin g  
g e l  s l i c e s  in  a  c e r ta in  c o n c e n tra tio n  o f in h ib i to r  and th en  
in o u b a tin g  th e  s l i c e s  w ith  s p e c i f ic  enzyme d e te c t in g  system  
co n ta in in g  th e  same c o n c e n tra tio n  o f  in h ib i to r*
# 222 #
The following chemicals were used bo inh ib it enzyme ac tiv ity  in 
aorylamide geios , '
Esterases
DPE-Di-iso-propyl.fluorophosphate (L#Light & Go.Ltd., England)
SBerinè (BDH)
E 600 -  Biethyl p-nitrophenyl phosphate .(L.Light & Go. Ltd., England) 
PCÎÆB -  p-chloromerouribenzoate (Koch-Light Laboratories Ltd., England) 
'3-phehylproplonic acid (Hopkin & Williams L td ., England)
Peroxidases, oatalases and blood bands
potassium cyanide
Suco in ic  dehydrogenases
sodium malonate
Monamine oxidases . ,
potassium cyanide . .
urea
p cm
S ta rch  hydrolysininc enzymes 
m ercuric  c h lo r id e
PHOTOQHAPHY
The diagrams and Scheme 2 were photographed with a half p late or 
quarter p late M.P.P. camera on to Kodalith Ortho film  (Kodak), and prin ts 




A ll gel slioes were photographed by transmitted lig h t, and 
aorylamide gels displaying blood bands were taken against a black 
baokgroinid, whereas a l l  other gel preparations were taken against 
a white baokground* The gels were photographed with an te a  35 mm. 
camera on to Moroneg Pan 35 mm, (Ilford) and Pan P 35 mm. (llfo rd ) 
film , and were printed on bromide a ir  mail photograpMo paper (Kodak).
One co lo u r p la t e  was p rep ared  from a  co lo u r tra n sp a re n cy  
(Kodaolirome, Kodak) tak en  w ith  th e  Sxa camera.
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HjEcïhophossïic  a h a w sîs  of c a i i  c o m m ^ib
OF STSAtWB OF MÎOËOGOCCÏ AID SiïAPHYLOCOCCÎ
THE RESULTS OF THE ELEOTROPHQEETIC AMI.YSXS OF CELL COEMTS
IS OF MCEOCÛOQI-AUD STAPHYLOGOCOÏ
In tho following oeotion I  have recorded the resu lts  of my 
eleotrophoretio analysis of the 406 strains* &ny of the 
experimental methods, especially  those based on histoohomioal 
stains for mammalian tissue  sections, for detecting micrococoal 
and stapiiyloooccal isozymes were not successful, but I  was able 
to  detect the follov/ing isozymes with , methods , giving reproducible 
resu lts# -
1) osteraso isozymes -  the<5<-naphthyl acetate method (page 10%.
2) starch hydrolysiàg isozymes - the Il^ Og method (page'iî&).
3) blood band Isozymes -  the Blood Band Detection Method (pagelfl)* 
For each of these enzyme systems, band numbers v/ere assigned to each 
isozyme. The band numbers (Diagram? ) do not opr respond to  the 
actual values (electrophoretic m obilities) of the isozymes, 
although each band number represents a d ifferent value. Bands 
which were present in  many s tra in s , were determined first and 
consequently were given low band numbers; bands which v/ere infrequent 
and found only in one or two s tra in s , naturally  tended to be noticed 
la te r  and higher numbers were assigned to them.
To ensure tha t band numbers were correctly assigned, gels were 
alv/ays run with the c e ll contents of 1 or 2 stra in s  v/ith knovm 
isozyme patterns along vdth the c e ll contents of those with unknown
Diagram V
E s t e r a s e ,  b lo o d  band and s t a r c h _ h y d r o ly ^ i  
i s o ^ m e  p a t t e r n s  p roduoed by s t r a i n s  o f  some 
o f  th e  commonly o c c u r r in g  mi c r o c o c c i  and s t a p h / 1o tocci
lOO




Isozyme band numbers are marked beside the appropriate bands. 
Each pattern is representative of an Electrophoretic Group 





Pattern I = Electrophoretic Group 1, containing all the coagulase positive staphylococci. 
Pattern 2 » Electrophoretic Group 3, containing many biochemically active staphylococci.
Pattern 3 = Electrophoretic Group 6, containing most of the Staphylococcus
epidermidis strains.
Pattern 4 = Electrophoretic Group 9, containing staphylococci found on pig and human
skin.
Pattern 5 > Electrophoretic Group 12, containing strains, mostly micrococci from
many varied habitats but rarely from the human body.
Pattern 6 = Electrophoretic Group 24, containing all Micrococcus luteus strains.
Pattern 7 » Electrophoretic Group 27, containing all Micrococcus roseus strains.
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p a tte rn s*  In  t h i s  way i t  was p o s s ib le  to  decide w hether a  s t r a i n  
p o ssessed  isozym es o f c e r ta in  band numbers o r not* The c e l l  
co n te n ts  o f  a s t r a i n  u s u a lly  had to  e lec tro p h o ro so d  many tim e s , each 
tim e w ith  a  d i f f e r e n t  s e le c t io n  o f s t r a i n s ,  b e fo re  a l l  o f  i t s  
isozyme bands were shown to  have e i th e r  th e  same v a lu es  as th o se  
o f o th e r  s t r a i n s ,  and consequen tly  could  be g iv en  th e  same band 
num bers, o r d i f f e r e n t  v a lu e s , n o t knovm to  occur in  any o th e r  
s t r a i n  o f  m icrococci o r s tap liy lo co o o i, and new band numbers were 
a ss ig n ed  to  them* Very weak isozyme bands were on ly  g iven  band 
nuinbers i f  th e y  weie rep ro d u c ib le*  S tra in s  were th u s  c h a ra c te r is e d  
fo r  th e  3 enzyme systems*
THE 'MEOTION OF PROTEBT MB MZD#] BAUDS IH GEL SIdQEB 
RR0TEIK3
P ro te in  bonds wore r e a d i ly  d e te c te d  in  g e l  s l i c e s  by th e  P ro te in  
S ta in  (page 3p3 ) * So many bands were v i s ib le  (over 20 in  some 
s t r a in s )  f o r  each o f th e  40 randomly s e le c te d  s t r a i n s  o f m iorooooci 
and stap liy loooooi examined, however, th a t  i t  would be alm ost 
im possib le  to  compare bands f o r  t h e i r  e le o tro p h o re tio  m o b il i t ie s  
(E^ v a lu e s )  in  over 4OO s t r a i n s  (P la te  \ ) ,  ^
T h ere fo re , Î  d id  n o t u se  th e  P ro te in  S ta in  f o r  th e  c l a s s i f i c a t i o n  
o f m iorooooci and s tap liy lo o o o o i, bu t the  S ta in  proved u s e fu l  f o r  
dem onstra ting  th a t  bands s ta in e d  by c e r ta in  enzyme d e te c t in g  methods 
w ere, in  f a c t ,  p ro te in  (pages25S and% ( ) .
P la te  1
A ciy lam ide g e l  s l i c e s  s ta in e d
j g  P r o te in  S ta in  showing p r o t e in  band:
#
0^ , 0^  ^ 000
E lec tro p h o resed  c e l l  c o n te n ts  o f  8  Mi
CTOCOecus r o seu s  strains
226 —
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Method Is  th e  f^-naw hthyl a c e ta te  method (page'^fts^) .
T h is method i s  now reoog iiised  as th e  s tan d ard  one f o r  dem onptrating 
th e  p resence  o f  h ao te ria - l e s te r a s e s  in  g e l  s l i c e s  (page 161) * I  
found, how ever, th a t  F a s t B lue B s a l t ,  tho  one most f re q u e n tly  used  
in  t h i s  method, ten d ed  to  g iv e  a  g r e a te r  n o n -s p e c if ic  haokgroimd 
s ta in  th a n  F a s t Blue or EH s a l t s ,  and I  preform ed to  use  e i th e r  
o f  th e  l a s t  two s a l t s  in  E s te ra se  Method 1*
The c o l l  co n ten te  o f a l l  406 s t r a in s  o f  m iorooooci and s tap h y lo co cc i 
wore examined f o r  e s to ra s e  hands in  aorylam ide g e l  s l i c e s  s ta in e d  hy 
t h i s  method# The t o t a l  number o f  e s te ra s e  bands w ith  d i f f e r e n t  
e s te r a s e  v a lu e s , d e te c ta b le  by th i s  method, f o r  th e  406 s t r a in s  was 
87, and th e  number o f bands reco rd ed  p er s t r a i n  v a r ie d  from 0 
(54 s t r a in s )  to  6 (15 s t r a i n s )  w ith  most s t r a i n s  having 1 or 2 bands# 
P la te s  3  , and tO show e s te ra s e  bands o f s e le c te d  s t r a i n » .
Diagram 3C  shows p a t te rn s  o f  o s te ra so  bands ty p ic a l  o f c e r ta in  
groups o f  s t r a i n s I  e s te r a s e  band numbers a re  a ls o  showna E s te ra se  
isozym es were used  in  th e  e lo c tro p h o re tlo  c la B s if ic a t io n  scheme (page
% n).
Method 2: th e  n anh tho l A8 a c e ta te  method (p ag e îO ^
Ho e s te ra s e  bands v/ere d e teo tè d lb y  t h i s  method, no m a tte r  w hether g a l
0s l io e s  were in c u b a te d  in  th e  s ta in in g  s o lu t io n  a t  37 G o r a t  room 
te m p e ra tu re .
The nex t s ta g e  was to  see  i f  any enzymic a c t i v i t y  could  bo d e te c te d
P la te  2
Aorylamide g e l  s l i c e  s ta in e d  by
E s te r a s e  Method I showing e s t e r a s e  isozyme bands
band
E l e o t r o p h o r e s e d  c e l l  c o n t e n t s  o f  8 s t r a i n s  i s o l a t e d  f rom c h e e s e s .  
The s t r o n g  low r u n n i n g  e s t e r a s e  band  i s  t y p i c a l  o f  many m i c r o c o c c i  
f o u n d  in  c h e e s e s .
P la te  3
A c iy la m id e  g e l  s l i c e  s t a i n e d  by
E s t e r a s e  Method 1 show ing  e s t e r a s e  isozyme b an d s
t
band
n o .  2
E l e c t r o p h o r e s e d  c e l l  c o n t e n t s  o f  8 s t r a i n s  i s o l a t e d  f rom  human 
and  a n im a l  s k in *  T h i s  p l a t e  shows a  g r e a t  v a r i e t y  o f  e s t e r a s e  
p a t t e r n s ;  e s t e r a s e  band  n o .  2 ,  h o w e v e r ,  i s  p ro d u c e d  by t h e  m a j o r i t y  
o f  c o a g u l a s e  n e ^ t i v e  s t a p h y l o c o c c i  fo und  on human sk in #
P la te  4
A ciylam ide g e l  s l i c e  s ta in e d  by
E ste r a se  Method 1 showing e s t e r ase  isozyme bands
E l e c t r o p h o r e s e d  c e l l  c o n t e n t s  o f  8 M i c r o c o c c u s  l u t e u s  s t r a i n s .  
M ic r o c o c c u s  l u t e u s  s t r a i n s  u s u a l l y  p r o d u c e  weak b a n d s ,  and n o t  a l l  
o f  t h e s e  show up  i n  p h o t o g r a p h s *  N e v e r t h e l e s s ,  t h i s  p l a t e  shows 
t h a t  t h e s e  s t r a i n s  p r o d u c e  d i f f e r e n t  b u t  r e l a t e d  p a t t e r n s  o f  
e s t e r a s e  b a n d s .
by th is  mot hod on a larger scale in  te s t  tubes, and Esterase Method 2 
Tube Tost (pagejps) was carriod out* Although the greatest 
prGoipitation of insoluble cjye should be produced in  the te s t  solution 
a t  the optimma pH for esterase ac tiv ity , and also fo r the coupling of 
the diazo s a lt  with the released naphthol AS compound ( pH 6*5 in  
human tissue  sections), th is  was not the case in  the te s t  tube 
exporimont* In fa c t , sligh t precip itation  occurred for both diaao 
sa lts  in  the te s t  solution a t pH 4*8, and in  addition, heavy 
p recip ita tion  occurred a t a l l  pHs (although the greatest was at 
pH 4*8) in  the control solutions* Tgese anomalous resu lts  could 
not be explained, and i t  was decided to re-examine the effect of 
esterase action in  the tube by using a staining method tha t was 
laiown to produce v isib le  esterase bands in gel s lic e s  -  Esterase 
Method 1-and Esterase Method 1 Tube Test (page was carried out *
Both to s t and control tubes, however, showed an equal amount of 
orange dye which had precip ita ted , and i t  was concluded that boiled 
denatured protein could stimulate the production of a p recip ita te  as 
much as an active enzyme preparation*
I t  seems tiiat these te s t  tube experiments, where unknown non-specific  
reactions occurred, did not r e fle c t  the mechanism of ostera^e action  
and diazo coupling as they took place in  the ge l s l ic e s ,  and, therefore, 
they were not used further for attempting to find  the correct buffer 
pH -  diazo sa lt  combination for enzyme detection in  gel s lices*
The fin a l stage in  trying to  demonstrate enzyme ac tiv ity  with
Esterase Method 2 was to, return to  experiments with the gel s lioes, 
and attempt to  detect tho prosence of bands by a lte ring  the pH of 
the phosphate buffer, and the typo of cHazo s a l t ,  since pH effects 
the oombination of the sa lt  with the released naphthol* Tlie 
following combinations of sa lts  and buffer pH were used in  .
Esterase Method 2 for demonstrating bands#
Fast Blue B , 5*0




a l l  three sa lts  6*5
Ho bands however v/ero detected#
Although Gomori ( 1952b) used th is  staining method (Esterase 
Method 2) with a phosphate buffo3Z of pH 6*5, Pearso (i960; page 887) 
stated tha t naphthol AB is  particu larly  sensitive to.pH ohangos when , 
coupling T/ith diazonium sa lts  and the best re su lts  are obtained 
within, the pH range of .6*8 « 7*2# Accordingly Mod&fied Esterase 
Method 2 (page^ 5) was used to try  and demonstrate est erase bands* - 
%en th is  modified stain  was used a fa in t high running band v/as seen 
on a gel s lic e > This band had a different E^ value from any of
those detected by Esterase Method 1, for the same ce ll contents.
This anomalous re su lt could be èjcplained by the view of Gomorie(l952b),
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who thought tha t the oeteraoe en^ymeo that act upon naphthol AS 
aoetateo d iffe r from the one a t h #  I%rd37oIyoe oc-naphtl)yl acetate 
03? indoxyl acetates, a t least in human tissue sections#
Kyen Modified Esterase Method 2, however, did not give such clear 
patto3?ns with such a wido range of values as Esto3?aso Method 1 
and i t  was decided not .to use Esterase Method 2 or i t s  modification 
for c lass ifica tio n  purposes#
Method 3 the indo^orl acetate method (wage 2 ^ )
Ho esterase hands were seen in  gel s lioes, oven with the ”t 3?iBÜ-.HCl 
huff es? a t pHs 7#0, 7.8, 8.1, 0*5 and 9.3* and no fu ither attempt was 
made to use the indo%yl acetate stain  for the demonstration of 
e s te r a s e s .
Method 4 ^ tho hromo«indo%vl acetate method (page 106) ■
The resu lts  are expressed as follows
pH of the 
('tris^LHOl 7.0 7.0 8.1 ■ a.5 9*3
buffer
Bands appearing 2 bonds 2 hands 2 fa in t 2 very 2 very-
'
hands fa in t bands fa in t bands
The values of the 2 hands corresponded to  those of 2 of the 4 
hands that could he detected hy Esterase Method 1. These re su lts  
indicated tha t a pH of 7 or lower would he the optimum for the enzymes 
and diaso coupling reactions. I t  was not possible to make up a
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huffor of bo low pH 7 and a ^^ telG***#maleate NaOH buffer 
was prepared for a pH 3?atige of 5*8 to 8.0# Even a fte r overnight 
incubation of gel s lices  in  th is  stain  no bands appeared, whatever 
the pH of the buffer# I t  was thought that the difference in 
buff033 composition e#g# the p^iesence of maXeate, Mgkb prevent the 
bands f33om developing# Even, using phosphate buff or with tho same 
range of pHo, I  saw no bands appearing in the gel s lices  a f te r  
incubation• A ft033 those fa ilu res  to detect any bands i t  was 
decided to repeat the f i r s t  experiment using the ’'t33is**-HGl buffer 
system with the pH range between 7*0 and 9*3* Strangely enough 
no bands were noticed th is  time even although the electrophoresed 
ce ll contents, and the buffered staining solution were apparently . 
iden tica l to those that produced bands originally* In a f in a l 
attempt to  detect bands the concentrations of the HaCl, CaOlg end 
tho oxidising solution v/ere altered  in  turn, since i t  was thought 
tha t a s ligh t difference in  the oonoentration of one of these 
Gompononts of the staining solution might be suffio ient to  cause 
bands to  appear or not, but no bande were detectable# Therefore 
no explanation could be given as to why the orig inal buffered 
staining solution demonstrated the presence of bands in the f i r s t  
expesiiment and could continue to do so on other gel s lices  u n til 
the solution had been used up, and a freshly pa?epared, apparently 
idontioal buffeazed staining solution could not.
I t  was conoluded that Esterase Method 4* even whon i t  worked, had
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no adTantage over Esterase Method 1 Son the demonstration of 
esterase bands and no further? attempt was made to  use the 
b.romo-indo2^1 acetate method for the o lassifioation  of. stra ins of 
miorooooci and stapi)y3.ooocci4
acx:q phobpfatabe iBOzmmv^ .
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Method 1 .w. the metal .salt, method (page %p6)
Vdien gel slioes containing electrophoresed fractions of c e ll 
contents of,.G randomly ^elected strains v/ere incubated in  th is  
s ta in  ^ a high rmmlhg band was noticed in  2 of the strains# Even 
in  a 15Jo aorylamide gelj the bands of the 2"strains were s t i l l  very 
close to  the brov/n line boimdary of the dis continuous buffer system 
of the gol, and thus i t  vas impossible to Icnow whether the high 
running components wore the same or not-# The background stain  of 
the gel slices was ve:ey great and could have obscured weak bands j 
and for th is  reason tliis  sta in  .was not considered suitable for the 
detection of phosphatase bands#
Ho bands v/ere detected by th is  method even though the pH was 
altered  and the diabo s a lt  substituted#
Method 3 the naphthol AS -uhosnhate method (page 
The re su lts  are expressed as follows:*^
pH of "tszis'Vmaleate 
buffer 5*6 5 . Î 6 .4 6.9 7*4
Bands appearing no bands no tan d s 1 vreak band 1 baid 1 weak band
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The band, wMeh was high running and in a Blmilar position to those
demonstrated by Phosphatase Method 1, was detected by th is  staining
method a t pHs 6#4, 6*9 and 7*4, but only at pH 6*9 was the band
strong enough to be seen clearly* I f  a gel, however, was
prepared from ’’Cyanoguin” dissolved in  double strength **tris" -
c itra te  buffer, more phospiiatase bands were apparent a fte r staining than
i f  the gel had been prepared from the non^ial single strength buffer.
Also, i f  a ge l, prepared from single strength buffer was electrophoresed, 
sliced and the slioes soaked in a mixture of " tr is "  - c itra te  single 
strength buffer, and the phosphate staining solution, once again, more 
phoepha.tase bands appeared* Obviously the " tr is "   ^ c itra te  was
required in a higher eoncentration to stimulate the appearance of
more bands, but the significance of the 2 buffer components was not
investigated further *
The values of the bands of the phosphatase pattern seemed to  be
iden tica l, although generally weaker, to those of the esterase bands ;
th is  v/as confirmed when a gel containing the eleotrophoresed
fractions of the ce ll contents of 8 strains was sliced , and one of
the middle s l ic e s  stained by Phosphatase Method 3, and the other
middle s lice  stained by Esterase Method 1, and the two resu ltan t
patterns of isozymes compared and found to be identical* .Alv
Although Hiosplmtase Method 3 was not used for c la ss ifica tio n  of
a l l  the s tra in s , i t  was useful for demonstrating tha t a t least some




The T>Qst-*oouiDlinA* method (page208)
Y/ith both East Blue B and East Blue BR s a lt s ,  the post*-ooupling 
method did pi^oduoe bands on g e l s lices#  Although bands tended to  
be d iffuse i and weak, they were su ffic ien tly  clear to  show that 
p  «glucuronidase patterns were the same as esterase patterns for  
the 15 randomly selected  strains examined, when the 2 middle 
s lio e s  of gels were compared# As those jSf «glucuronidase bauds were 
le ss  d istin ct than the esterase bands the post*coupling method was 
not used for c la ssify in g  the mioroooccal and stapliylocoocal stra in s. 
PROTEOLYTIC I802YMSS
Method l i  the aminonentidase^ azo-dve method (page&C<{)
Some bands appeared with values identical to those of bands 
stained by Esterase Method 1, a fte r incubation in  the staining 
solution, containing buffer a t a l l  3 pHs, but bands were strongest 
a t pHs 7*1 and 7*6. Again in  a similar way to Ikospiiatase Method 3 
and the p«glucuronidase method, Proteolytic Enzyme Method 1 was of 
l i t t l e  use in  c lass ifica tio n , but the resu lts  showed that phosphatase, 
-glucuronidase, esterase and proteolytic enzymes have identical 
values, and i t  would appear that there are microcoooal and 
staphylococcal enzymes tha t are active on a wide range of substrates 
with ester linkages such as organic esters, phosphates, glucuronides 
and proteins.
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Method 2 i the milk overlay mathodg Method 3s tho mlUc maturation methods 
Method the ,<yelatlu overlay method; Method 5: the gelatin  saturation 
ineWiod (page îp^l )
No hands of clearing were ever seen in. milk qr gela tin  in the nee of 
these methods, despite the faot that gel s lices which contained 
elootrophoresed ce ll contents of strains that visibly broke down 
milk and gelatin  in  agar plates (page were tested*
mmSF, I802YMB8
The urea overlay methods (page )
ÏÏreasë ac tiv ity  of microcooci and staphylococci in  the urea agar 
slope medium (page 111, ) does not correlate well with any other 
biochemical a c tiv ity  (page The fact that a urease positive
stra in  can be identical with a urease negative s tra in  in  other 
physiological characters may indicate that some urease negative 
stra ins may simply lack a urea permease ensyme, and not a urease.
I t  was thought that the detection of urease isozymes in gel slices 
would show whother^a s tra in  possessed a urease or not, since no 
permease would be required to  in it ia te  the break-down of urea to 
ammonia in gol s lic es .
0?he mechanism of th is  overlay method is  that the eleotrophoreoed 
urease isozymes can act on the urea in a basal medium and release 
ammonia in  discrete zones, shown by a colour change in  the  pH 
indicator, at the s ite s  of ac tiv ity .
All the 5 Hrea Basal Media (page 2*11 ) could be used to demonstrate
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the presence of bands in gel s iloes, but for the following reasons 
Basal Medium 5 was ohoaen as the basal medium for the urea overlay 
methods-
a) the basal medium required to be a t a pH of below ^ (between
5 and 6), since the '*tris'*-citrate-borate buffered gel s lices  w ill 
automatically turn the whole of the overlay medium v/eakly alkaline, 
and thus prevent the detection of a l l  but strong zones of ammonia 
production•
b) although tliymol blue indicator lias a more alkaline pH range 
(810 - 9,6) than phenol red (6*8 # 8*4^ }, sufficient ammonia was 
produced a t the s ite s  of ac tiv ity  to create alkaline zones of 
above pH 9; thymol blue also gives a greater contrast in colour 
in the gel s lices when the pH r ise s  frora.7*5 to 9 .5 .
c) the presence of Ringer’s sa lts  solution in the overlay medium 
had no effect on the production of urease isozyme bands*
The electrophoresed c e ll contents of 85 randomly selected stra ins 
were examined for urease bands in  gel slices? 42 stra ins had the 
a b ility  to produce lo?/ running bands of various values, and 
43 had not. Although urease isozyme bands were readily  reoognisable, 
they tended to be d iffuse, and they faded from the gel s lices  and the 
overlay gels within 6 hours. The presence of urease isozyme bands 
does not correlate well with the positive reactions on urea agar 
slopes, as shown in  Table 3^ •
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Table 31
Ison of the number of 
the detection of
ig in  uroa a/ 
>zvme bands In ^el s ilo e s
------------------- --------- ----..............— -  ........... ................ ... ......... ....
85 strains compared
Urea agar slopes Urea gel slices
No, of positives
67


































I t  was noticed tha t of the 6.7 that fere urea slope positive, only 
40 otraino produced uroaee bands in  gol olioes, Thoao resu lts  
could indicate à) that the urea overlay detection method is  less 
senoitivo in  detecting ureaoe ac tiv ity  than aliovdng strains to 
grow in the presence of urea on slopes, b) tha t ureases in some 
strains are present in the soluble coll contents, and in others, 
ureases are fixed to  the insoluble parts of the c e lls , e .g . the ce ll 
walls or OGll membranes; the fixed ureases would not be able to  be 
oleotrophoresod, and therefore no isozyme bands \70uld be v isib le  or
c) the ureases of some stra ins are inducible and would bulyebe^v 
in  gel s lices  i f  the ce ll contents were prepared from cells  grown 
in the presence of urea, ;
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I t  waa a ls o  n o tic e d  th a t  o f th e  42 s t r a in s  th a t  produced u rea se  
bando in  g o l e l i c e a ,  2 o tra to e  f a i l e d  to  produce a  p o s i t iv e  re a c tio n  
on th e  u rea  elopes* The r é s u l t a  o f ,th e s e  2 o tr a in a  a re  s u f f i c ie n t  to  
show th a t  a )  aomQ s t r a in a  m j  la c k  a  u re a  permeaao enzyme which would 
p rev en t a  p o o it iv e  r e a c t io n  ta k in g  p laoe on th o  u re a  a lopos s in c e  th e  
u rea  would n o t ho a b le  to  p e n e tra te  th e  c o l la ,  h u t no t In th e  geXe 
whoro th o  u re a  and tho  u reaoe onsymea would r a p id ly  come in  c o n ta c t , 
o r  b ) 0omo c e l l s  growing ou an u n b u ffe red  peptone u re a  ag a r  i n i t i a t e  
complex onsymlo b iochem ical r é a c t io n s  which mack th e  o ffo o te  o f  
th o  ureaneB d u rin g  tho  in c u b a tio n  p e r io d , posHmpû by th e  n e u t r a l ia a t io n  
o f  th e  ammonia r e le a s e d  by an a c id ,  whereas in  th e  u re a  o v e rlay  method, 
urea, io  th o  only, a u b o tm ta  p reoon t and no o th e r  compouude bu t th e  
break-down p ro d u c ts  o f xwaa cou ld  be re le a s e d  in  any quan tity *
To t r y  and c l a r i f y  th e  o i tu a t io n  a  s e le c t io n  o f O a t r a in e  which 
showed th o  anomalous r e a c t io n s  in  u ro a  s lo p o o , and u re a  o v e r la id  
g o l D llcon , v^cre ozmmlned by tho  nvm  tube method (page 2,12)* The 
r e s u l t s  of th o  d e te c t io n  o f  u rease  a c t i v i t y  by th e  3 methods f o r  
th e se  0 s t r a in a  i s  ahowm in  T ab le  4.0 *
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Table
Qomparlaon o f r é s u l t a  o b ta in ed  fx^om 3 d i f f e r e n t  méthode fo r  
d a te  o t i ng ureaf
A rb i t r a ry  g roup ing  o f  s t r a i n s S tra in
no .
U rea ag a r
slope
method






s l i c e s )
Ooagulase + ve stapliylooooous 328 w #»
Ooagulase « ve staplxyloooooi 246 + W
251 + t M
179 4 ■Î*
Glucose o x id is in g  miorocooous 157 H* 4*
M icrocooci u n ab le  to  o x id is e  
g lucose  8 yellow  pigm ented 301 •Î* 4'
ro d  pigm ented 332 w m 4-
w h ite  pigm ented 390 m w +
f- * p ro d u c tio n  o f aninionia from u re a  « «• no p ro d u c tio n  o f
ammonia from u re a .
The r e s u l t s  o f  s t r a i n  nos* 251 and 301 cou ld  be Q3cplainod by th e
la c k  o f s e n s i t i v i t y  o f  th o  u re a  o v erlay  method,, o r  th e  f ix a t io n  o f
th e  p e a s e s  to  In s o lu b le  p a r t s  o f  th e  c e l l s , o f  s t r a i n  n o s , 246 and
328 by th e  requ irem en t o f  u re a  f o r  th e  in d u c tio n  o f th o  ensyme, and
o f  s t r a i n  n o s . 332 and 390 by th e  la ck  o f a  permease ensiymo. S tra in
nos. 15Y and 179 v/ere p è s i t iv e  vrith a l l  3 methods*
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Of th o se  4 e x p la n a tio n s , i t  v/as on ly  p o s s ib le  to  t e s t  w h e th e r th e  
u re a se s  in  s t r a i n  n o s . 246 and 328 were in d u c ib le  o r n o t .  To t h i s  
end, th e se  s t r a i n s  were esmmined by th e  u rease  in d u c tio n , method 
(page *l\X )# I f  th e  u re a se s  were induced by th e  u re a , th e  
suspensions in  th e  tu b e s  should  have broken down th e  u rea  to  ammonia; 
in  f a c t , no break#down was in d ic a te d  by a  change in  pH, and i t  was 
concluded th a t  th e  u rea se  ensymos were n o t in d u c ib le#
The u re a se  isoaytne bands a re  u n fo r tu n a te ly  low runn ing  and i t  
was o f te n  d i f f i c u l t  to  decide w hether bands from s t r a i n s  had th e  
same v a lu e  o r  d i f f e r e n t  o nes, and fo r  t h i s  reason  th e  u rea  
isosyme r e s u l t s  wore excluded from th e  e le c tro p h o re t ic  c l a s s i f i c a t i o n  
sohomo. N e v e rth e le s s , s e v e ra l  p o in ts  were made w ith  re fe re n c e  to  
th e  taxonom ic s ig n if ic a n c e  o f  u re a se  isozyme bands.
1) Of th e  5 ooagulase p o s i t iv e  s tap h y lo co cc i examined, no bands 
were d e te o te d , a lth o u g h  4 o f  th e se  s t r a in s  wore u rea se  p o s i t iv e  in  
u re a  ag a r s lopes#
2) Of th e  13 s t r a i n s  p o sse ss in g  e s te r a s e  band no# 2' '^, b lood  band 
n o s . 1 o r  1 and 5 , and ab le  to  form ent g lu co se  and hyd ro ly se  u re a  
in  u re a  ag ar s lo p e s , bu t no t a b le  to  o x id ise  m an n ito l, 11 were 
a b le  to  produce u re a se  bands which seemed to  have th e  same v a lu e  
f o r  each s tr a in #
3) Of the 6 s tr a in s  p ossessin g  e s tera se  band nos# 5 end 9> blood band 
nos# 3 and 4 , and ab le to  ferment g lucose and hydrolyse urea in  urea 
agar s lo p es , but unable to  o x id ise  m annitol, a l l  6 were ab le
':<the main e s te r a s e ,  and s ta r c h  hy d ro ly sin g  isozyme bands and 
b lood  bands a re  sIioto in  Diagram % .
to  produoe two u re a se  bands, which seemed to  have th e  same v a lu es
f o r  each s t r a i n .  The v a lu e s  wore d i f f e r e n t  from th o se  o f o th e r%
s t r a i n s .
4 ) Of th e  3  s t r a i n s  p o sse ss in g  between 3 land 6 o f  th e  12 e s te r a s e  
bands n o s . 20 to  31, b lood  band n o s . 3 and 4r and a b le  to  ferm ent 
g lu co se  and h y d ro ly se  u re a  in  u re a  agar s lo p e s , each  s t r a i n  produced 
a  u rease , band,, which seemed to  have th e  same v a lu e . T his 
v a lu e  was d i f f e r e n t  from th o se  o f  o th e r  s t r a i n s .
5) Of the 6 Miorocooous lu t  eus s tr a in s  te s te d , 5 were p o s it iv e  in  
urea agar s lo p es  but only one o f  th ese  was urease p o s it iv e  in  g e l  
s l ic e s *  This one s tr a in , hovfover, produced 3 lov/ running urease  
isozyiuos, the la r g e s t  number o f urease isozymes deteoted  in  a l l  
the 85 s tr a in s  examined.
6) Of th e  5 Miorocooous ro seu s  s t r a in s  t e s t e d ,  on ly  2 were p o s i t iv e
in  u re a  ag a r s lo p e s . One s t r a i n  produced a  s tro n g  u re a s e  band in  
g e l s l i c e s ,  a lth o u g h  i t  d id  n o t hydro lyse  u re a  in  u re a  ag a r s lo p e s .
7 ) Other miorooocoi produced ureaso isozyme, bands o f d iffe r e n t  
v a lu es , but the r e s u lt s  could  not be re la ted  to  any other oharaoter. 
LIPOLITIG ISOm iSS ,
Since many s t r a i n s  o f  m iorooocoi and s tap h y lo co cc i liydro lyse 
t r i b u t y r i n  and a ls o  p o ssess  a  l ip a s e  enzyme capab le  o f  causing  o p a c ity  
in  egg y o lk  when growing on th e  a p p ro p ria te  m edia, I  co n sid ered  th a t
i t  should  be p o s s ib le  to  dem onstrate  l ip a s e  isozym es in  g e l  s l i c e s .
2â%  ##'
Method 11 tho  2*-na'phthyl la u m te  methods Method 3 : th e  N ile
Blue su lp îm te  t r l h u tv r in  ove3?lay method? Method 4 s tho
%irnLiiL%K#!A#RW»a'mT #11 #ii i#i ,* * :  M* «  iM# > I i Mu it i m  l a w a 'i  u  i a . l i w ■
t3 :ih u tra in  s a tu r a t io n  method (u a g e l jD  
No hands were d e teo te d  by any o f  th e se  methods*
Method 21 th o  t r i b u t y r i n  o v e rla y  method (pagre 1%%)^
No bands were d e te c te d  by Method 2a b u t in  Method 2b a  band o f 
c le a r in g  in  2 ou t o f  22 s t r a i n s  was n o tic e d  in  th e  opaque 
T r ib u ty r in  Agar th a t  had p e n e tra te d  th e  g e l  s l i c e s .  C le a r ly  56^0 
f o r  10 m inutes d id  not d en a tu re  th e  t r ib u ty r in a s e  ioosym es, and 
appa3:entiy a llow ed p e n e tra t io n  o f  th e  moIt on t r i b u t y r i n  in to  th e  
g e l  s l i c e  a so t h a t  even a low co n c en tra tio n  o f enzyme could produce 
some c le a r in g ,  s in c e  i t  d id  n o t need to  d if fu s e  to  th e  su rfa c e  o f  
th e  g e l  in  o rd e r  to  come in  co n ta c t w ith  th e  s u b s t r a te .  The 
t r ib u ty r in a s e  isozym es had th e  same v a lu e . One o f th e  s t r a in s  
was a  ooagulase p o s i t iv e  stap î'^ lo co o cu s, which hyd ro ly sed  t r i b u t y r i n  
i n  th e  p la te  (poge\\X ) and caused o p ac ity  in  egg y o lk  ag ar (page m ) ,  
and th e  o th e r  s t r a i n  was a  ooagulase n eg a tiv e  staphy lococcus wliioh 
l)ydrolysed t r i b u t y r i n  i n  th e  p la te  b u t f a i l e d  to  cause o p a c ity  in  
egg yolîc agar* Of th e  o th e r  20 s t r a i n s ,  which d id  n o t produce any 
l ip a s e  isozyme bands, 18 h yd ro lysed  t r i b u ty r in  i n  th e  p la te *  I t  
a p p e a rs , th e r e f o r e ,  th a t  th e  p resence  of t r i b u t y r i n  isozym es does 
n o t c o r r e la te  w e ll w ith  p o s i t iv e  r e s u l t s  o f s t r a i n s  growing in  
T r ib u ty r in  Agar and egg y o lk  a g a r . I t  may w e ll bo th a t  th e  
t r i b u ty r in  o v e rla y  method i s  n o t th e  b e s t  method f o r  d e te c t in g
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l i p o l y t i c  isozym es, and i t  d id  n o t eoem a  very  s u i ta b le  method fo r  
taxonomio expeszimonts \T:lth m iorooocoi and s tap h y lo o o o o i; th e  
method was n o t used  fa r th e r*
SUCGBÎIG isom îG B
B uccinio dehydrogenase i s  th e  one h i  a t  oohemi c a l ly  dem onstrable 
deîqrcirogenaae system  th a t  33oquires no co-enzyraos, a t  l e a s t  in  human 
t i s s u e  s e c t io n s ,  and i t  seemed to  be a s u i ta b le  om to  d e te c t  in  g e l  
s l i c e s .
Method Is  th e  N itr e  BT method and Method 2s th e  m od ified  N itro  BT
a § a a â  (p0s°
VBien g e l  s l io e s  were in cu b a ted  in  phosphate b u f fe re d  s ta in in g  
s o lu tio n . (B uccin io  Behydrogeiiaso Method l )  a t  pHs 6 .7 ,  7*0; and 7*7; 
h ig h  runn ing  opaque bands were d e te c te d , b u t t h i s  d id  n o t occur in  
**tris^‘-  HGl b u ffe re d  s ta in in g  so lu t io n  (S u cc in ic  Dehydrogenase 
Method 2) a t  th e  same pHo. Two liigh running  opaque, bando could bo 
demonrjt3:ated f o r  a l l  th e  20 randomly s e le c te d  s t r a i n s  o f  m iorooocoi 
and s tap h y lo co cc i examined by th e  f i r s t  method, b u t i t  was 
im p o ssib le  to  d i f f e r e n t i a t e  between s t r a in s  by t h i s  method. Blue 
form azan, b ands, however, should  appear a t  s i t e s  o f  su c c in ic  
dehydrogenase a c t i v i t y  and not th e se  opaque bands. To shov; w hether 
th e se  opaque bands, produced by Buccinio Deiiydrogenase Method 1, 
were enzymic i n  o r ig in  o r no t th e  o f  fo o t of h ea t and chem ical 
in h ib i to r s  on th e  fo rm ation  o f th e  bands was exam ined. The S uccin ic  
Ddiiydragenase H eating  Experim ent (page 2^0 was c a r r ie d  out* Even
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a f t e r  su b je c tio n  to  1 09 fo r 1 hoiar th e  e le c tro p h o re se d  c e l l
co n ten ta  s t i l l  r e ta in e d  th e  a b i l i t y  to  p3?oduoo opaque bauda# In
p la n t  and anim al c e l l s  loaionate l a  known to  c o ia p e titiv e ly  in h ib i t
au cc in io  deljydrogenaoo (B aldw in, 1$60; page 3 3 ); cud i t  was
found p re # lu c u b a tio n -o f  g e l  o lio e s  In  lO’” M m alouata foaz 1 hour 
oa t  37 0 fo llow ed  by in c u b a tio n  in  a  m ixture o f  s ta in in g   ^so lu tio n  
'#2and 1 0 ' iu m alonato r e s u l te d  In  com plete in h ib i t io n  o f tho
opaquQ bauds. I n h ib i t io n  d id  n o t take p lace  a t  lower
c o n c e n trâ t io n s  o f  jnalosiate, o r ,  i f  thor© was no p r inoubat ion
#1o f th e  g o l o liooQ , even a t  10 "'M c o n c e n tra tio n . I f  g o l s l i c e s
#2were in cu b a ted  in  th e  same way in  10 “M po tassium  cyuuldo and 3M 
tire a , com plete in h ib i t io n  was ag a in  ach ieved . A lthough irmlonato 
i s  a s p e c i f ic  in h ib i to r  f o r  sucoini©  dohydrogenase th e  cyanide 
and tho  u re a  a rc  n o t known to  in h ib i t  th e  dol^jydrogauase, whoroao 
th ey  a re  known to  i n h ib i t  okher enzyme Byoteme. In  view of tho  
very  h:îgh h ea t rerjiutnnc©  o f th e  agent th a t  produces th e  opdquo 
bands and a ls o  th e  nattir© o f th e  i td i ib i t io u ,  X tli iu k  th a t  th e  
r e a c t io n  is  lü îs ly  to non^enzyfiiioe I t  i s  p o ss lb lo  th a t  th o  h igh  
runn ing  components p r e c ip i t a t e  out chem ically  in  th e  p resence o f 
th e  stainibt^^ s o lu t io n ,  and th e  p re f in a u b a tlo u  o f  g o l o lico o  in  
th e  in h ib i to r s  m erely r e s u l t s  in  th e  h ig h  tMmniiig components 
b eing  in  a chem ical r e a c t io n  in  such a way th a t  th ey  no longer 
p r e c i p i t a t e  o u t in  th e  s ta in in g  s o lu t io n ,
T h e re fo re , a lth o u g h  Sixooluic Dehydrogenase Method 1 prodiîooa
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bands these were not considered to have originated f3:om a 
sncoihlo dehydrogenase enzyme and i t  was decided not to  use.tliis 
method for c lassifica tion  purposes.
UCTIG DBinmOGENABE XSOZBÎBS
m : * * " , (  « w n  a m c # i # , V f : i » #  * *  i i , . *  '  r  g r t a f c f a i i v d l
In contrast to suocinic dehydrogenase both laotio  dehydrogenase 
and malic deliydrogenase require nicotinamide adenine dinucleotide 
(m b ) as a coenzyme and phenazine methosulphate (H^) as a part 
of the sta in ; the deiiydrogenases reduce to  a dye which 
couples to a tétrazolium s a lt  and allows the s ite s  of 
dehydrogenase ac tiv ity  to he seen.
The îTitro BT method (page
Gél siloes containing electrophoajesed ce ll contents showed blue 
formazan bands for some s tra in s , but not for others; of tho 48 
randomly selected strains of microcoooi and staplTylooocoi, only 
18 produced bands, Four ooagulase negative, staphylococci 
(s tra in  nos. 12, 13, 54 and 72) which are physiologioally rela ted , 
and have 3 esterase bands in  common, produced the same la c tic  
deiiydrogenase pattern (Pattern 1,. Diagram VI ).
Coagulas© positive stra in  nos, 441 51, 58, 88 and IO6 produced 
la c tic  dehydrogenase Pattern 2(Diagram VI ), and 2 other 
ooagulase positive stra ins (hoo. 62 and 100) produced the related  
la c tic  dehydrogenase Pattern 3 (Diagram VI), Strain no. 152 
(ooagulase positive) vfas the only stra in  to show, a weak pattern , 
that of Pattern 2. On© other coagulaso positive s tra in  (no. 101)
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produced a d i f f e r e n t  b u t r e la te d  p a t te rn  (P a tte rn  4 ;  Diagram VI ).
Thus a s  f a r  as ooagulase p o s i t iv e  s t r a i n s  a re  concerned, o f  
th e  10 s t r a i n s  examined, 1 s t r a i n  (no* 49) produced no l a c t i c  
deliydrogenasQ p a t te r n  a t  a l l ,  6 s t r a in s  showed P a t te rn  2,
2 s t r a i n s  shov;ed P a t te rn  3 , and 1 s t r a i n  P a t te rn  4* I t  i s  , 
in t e r e s t i n g  to  n o te  th a t  a  ooagulase n e g a tiv e  s t r a i n  (no . IIO ), 
which o x id is e d  m ann ito l gave th e  same p a t te r n  (P a tte rn  4 ) 80 
ooagulase p o s i t iv e  s t r a i n  no* 101; th e y  a ls o  have an e s te ra s e  
hand, and a c a ta la s e  hand in  common,
S tr a in  nos* g l and 105, which have l i t t l e  in  common 
p h y s io lo g io a l ly , produced th e  same h igh  runn ing  l a c t i c  
dehydrogenase hand (P a tte rn  5 , Diagram VI ),
A low ru n n in g  hand (Pa/btorn 6 , Diagram VI ) \m s produced by 
th e  b io ch em ica lly  weak s t r a i n s ,  nos* 147 and 150, which a ls o  
have 2 e s te r a s e  bands in  common*
The f i r s t '4  o f th e se  p a t te r n s  seem to  be r e l a t e d ,  and th e  13 
s t r a i n s  p roducing  P a t te rn s  1 #, 4 tended  to  be b io ch em ica lly  
a c t iv e  o*g* g / l3  s t r a i n s  ferm ented  m an n ito l, l l / l 3  s t r a in s  
o x id ise d  m an n ito l, 12/13 s t r a i n s  ferm ented g lu c o se , and 9/13 
s t r a i n s  produced ooagularje.
A lthougii t h i s  s t a in  was n o t used  to  c l a s s i f y  a l l  406 s t r a in s  
i t  has been shown th a t  isozym es of la o t io  dehydrogenase a re  of 




For the 8 randomly aeXooted atraina of miarooooei and stapl^XoGOOoi 
exam ined  t h e  m a lic  dehydrogom aBa p a t t e r n s  on g e l  s l i c e s ,  c o n ta in in g  
aleatscophoraasd co ll aontonta, Y/are ideatical to those obtained 
%r tho laotio doliydrogonaoe stain# It ooomo that dWqrdrogenarm 
ioorymoB of mioroooQoi and ataphyloocaci havo the ab ility  to 
dohydrogomto laotato and m lato # Siaoo tho m lio  dpliydrogonaoo 
fjtalE lm.il BO advantage over the Xeiatio #%drogmaao atain, hov/ovor, 
for olaaeification, lu) farther oxporimoutsl work was dome with tliio 
atain on onsyme ©yatoma in gal olloeo#
PBhOXSDABE I 8 0 m m
(page t \ s )
In 1085# ShrlioU diaooverod tho indophenol reac tio n  by no ting  th a t 
a  blue dye v/ao formed %)on the  in joo tion  of^ '^uaphthol ami 
!Ti ^  d;lmothyX«p#phOi:iylcrao«li0.mine 5,n.to liv in g  tiaouo* Tho formation 
o f tho dye, iudophonol b lu e , hao been re fe rred  to  as the  '^nadl^‘ 
reac tio n  from the f i r e t  two la t t e r a  of "naphthol'* and  ^* diamine "* 
Although tho re ac tio n  v m  o rl#na3 ,ly  thought to  he apeo ifio  fo r 
oytoohrome oxidnao (E o ilin  & H artrao , 1938), tho reac tio n
M 0 boon used fo r  the damonatration of o ther oxidaaa oyotomo, as 
peroxldaso ( M i l l e ,  1954)* I  found, liowovor, th a t no ‘bauds 
oppoarad in  gol a lio ea  when M llio io  (1954) s ta in  was app lied , ami 
I  had to  modify tho s ta in  (page %M ) to  allow haiulo to  he deteoted*
«V 24?
Tv/enty fo u r  randomly s o le c te d  s t r a i n s  o f  m iorooocoi and 
s tap b y lo o o o o i, when t e s t e d  by t h i s  m o d if ic a tio n , y ie ld e d  n o t on ly  
h ig h  runn ing  bands th a t  corresponded to  th o se  th a t  were produced 
by P ero x id ase  Method 2 (page Gythchrome Oxidase Methods 1 and 2 
(page I I ? ) ;  and Blood Band D etec tio n  Method (page 2 ,1^), b u t a lso  
r e l a t i v e l y  low runn ing  bands which had id e n t ic a l  v a lu e s  to  th o se  
th a t  cou ld  be dem onstrated  by th e  C a ta lase  D etec tio n  Method (page 216) 
and Gytoohrome Oxidase Methods 1 and 2 , These low run n in g  bands 
a re  e q u iv a le n t to  th e  s tro n g e s t  o f  th e  bands produced by th e  
Blood Band D e tec tio n  Method# The h ig h  ru nn ing  bands were o f  l i t t l e  
u se  in  c l a s s i f i c a t i o n  s in c e  a l l  th e  s t r a in s  examined produced 2 bands, 
and th e s e  had thô  same v a lu e s  f o r  each s tr a in #  Tlie I oy/  running  
bands cou ld  have been u sed  in  th e  e le c tro p h o re t ic  c l a s s i f i c a t i o n  scheme 
o f  th e  406 s t r a i n s  (page ^ 7 7 ) ,  b u t tho  Blood Band D e tec tio n  Method 
d e te c te d  p a t te r n s ,  c le a r e r  th an  th o se  d e te c te d  by th e  "nad i" method, 
and th e se  p a t te r n s  were u se d  in  c l a s s i f i c a t i o n  in s te a d .
Method 2s the o^dianiaidine method (page *H6)
In a l l  the 24 randomly selected s tra in s  examined by th is  method in  
gel s lices 2 brown high running bands were detected for every stra in  
and, as mentioned above, these bands were of l i t t l e  use in 
c lass ifica tio n ,
CATALASE XSOmîËB
C a ta lase  i s  an im portan t enzyme in  some groups o f  b a c te r ia ,  in c lu d in g  
th e  jy io rococcus-S tanhv lo00oous groups and isozymes shou ld  be
deteo tab lG  In  g e l  s l i c e s ,  e s p e c ia l ly  ac c a ta la s e  isozym es o f
o th e r  b a c te r ia , Imve been dem onstrated  in  s ta rc h  g e l  s l i c e s  (Table 38  )•
fA ® J g O g ^ |h o a  (page m  J
T h is method has n o t been used  to  dem onstrate c a ta la s e  bands in  
aory lam ide g e l  s l i c e s  b e fo re . In  f a c t ,  a lthough  c a ta la s e  bands 
were seen in  b o th  s ta r c h  and acrylam ido g o l s l i c e s  co n ta in in g  
e le c tro p h o re se d  c e l l  co n te n ts  o f  m icrocoooi and s ta p h y lo co c c i and 
faded  e q u a lly  q u ick ly  from s l i c e s  o f bo th  support m edia, th e  bands 
ap p earin g  in  th e  acry lam lde g e l  s l i c e s  were le s s  d if fu s e i th a n  th o se  
o c c u rr in g  in  s ta r c h  g e l  s l i c e s .  T h ere fo re , I  chose to  d e te c t  
c a ta la s e  isozyme bands by th e  method in  acry larn lde g e ls ,C, Æ
r a th e r  th an  in  s ta r c h  g e l s .  C a ta la se  bands, d e te o te d  in  aorylam ide 
g e l  s l i c e s ,  oan be  seen In  P la te  S •
C a ta la se  bands correspond  to  th e  low smnning p ero x id ase  bands, 
cytochrome ox idase  bands, and th e  s tro n g e s t o f  th e  low runn ing  
b lood  bands (page
Fpr rea so n s  g iven  on page 258 c a ta la s e  isozyme bands were n o t used  
a s  c h a ra c te rs  in  th e  e le c t ro p h o re t ic  o la o s i f ic a t io n  scheme (page ) ,  
C a ta la se  b ands, d e te c te d  in  aorylam ide g e l  s l i c e s ,  oan be seen in  
P la te  ^  •
d e te c t in g  c a ta la s e
A ttem pts were made to  dem onstrate c a ta la s e  bands in  th e  e le c tro p h o re se d
P la te  5
A o ry la m id e  g e l  s l i c e  show ing  c a t a l a s e  isozyme b a n d s
9T'
E l e c t r o p h o r e s e d  c e l l  c o n t e n t s  o f  8 r a n d o m ly  s e l e c t e d  
s t r a i n s  o f  m i c r o c o c c i  and  s t a p h y l o c o c c i
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ce ll contontB of 110 stra in s  # IO4 of these strains x^roduoed one 
or more catalase bands in  gel s lic es , 6 did not. The resu lts  of 
the piiysiologioal and eleotrophoretio detection of catalase in 
these stra ins is  shown in  Table 4^  .
% ,ble ©
Gomparison of s tra in s  nroduoin^ catalase enzyme from :(a?owing cells  
and catalase isozyme bands from elpotro^Aoresed c e ll contents
Catalase enzyme 
production ve
Catalase isozyme bands 4* vo 
Catalase isozyme bands ve
103 s tra ins 
4 s tra ins
Catalase enzyme 
production -  ve
1 stra in
2 stra ins
Total no. of strains compared % 110«mv Wi .1•jfcijuia Lwru
There is  a close but not complete correlation (95*55 )^ between stra ins 
producing catalase enzyme from growing ce lls  and catalase isozyme 
bauds from electrophoresed c e ll contents. One of the stra ins unable 
to produce catalase from colonies growing on agar, no. 6, was 
physiologically similar to  the other catalase negative s tra in s , 
nos. 31 and 89 (page %S )^» Yet stra in  no. 6 produoed a catalase band 
typical of many coagulas© negative staphyloooooi, whereas s tra in  
nos* 31 and 89 did not produce any visible catalase bands, as would 
be expected. From th is  experiment, therefore, catalase production , 
e ither as effervescence of osjygen from liydrogen peroxide by colonies 
growing on agar, or as isozyme bands appearing in  gel s lices 
containing electrophoresed c e ll contents, should be used with caution
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as a main c h a ra c te r  in  a  c l a s s i f i c a t i o n  soheme ( p a g c lS ^ ) .
GYTOQiraQEE OXXMSB- ~ ISOmF.B . ^
Cytocliromo ox idase  i s  an enzyme tim t occurs in  th o  te rm in a l . 
o x id a tio n  pathway,.of a e ro b ic  r e s p i r a t io n  o f c e l l s  o f  p la n t s ,  . 
an im als , a e ro b ic  and f a c u l t a t i v e ly  an aero b ic  b a c te r ia ;  consequen tly  
i t  sh o u ld  be p re se n t ' in  e le o tro p h o re t io a l ly  f r a c t io n a te d  c o l l  
.co n ten ts  o f  m iorooocoi and s ta p liy lo co cc i.
Method Is  th e  n^aminodi-phenylamine method and Method 2: th e  
té tra z o liu m  method (pageJLlT)
Both o f  th e se  methods gave r e s u l t s ,  b u t th e  l a t t e r  method 
dem onstrated  bands o f g r e a te r  d e f in i t io n  tlian th e  fo rm er. The
p a t te rn s  produoed in  g e l  s l i c e s  were e q u iv a le n t,  in  a l l  B randomly 
s e le c te d  s t r a i n s  o f  m iorooocoi and s tap h y lo co cc i examined, to  th o se  
produoed by P erox idase  M e th o d l(p ag e)IS ), and s in c e  th e re  was no 
advantage over t h i s  pero x id e  method, Gytoohrome Oxidase Methods 
lÈand 2 were n o t used  in  o l a s s i f i c a t io n .
M o m m m  oxim se i b o z w b .,11 mm, m i^iiifiiii IIim w ill im' iKf
Monomine o x id ase  is .  an im p o rtan t mammalian enzyme which co n v e rts  
am ines to  aldoiiydes and i s  l i ls e ly  to  bo p re se n t in  th e  c e l l  
c o n te n ts  o f  m iorooocoi and stapiiyloooooi*
The té tra z o liu m , method
On s ta in in g  g e l  s l i c e s  c o n ta in in g  th e  e le c tro p h o re se d  c e l l  co n ten ts
. ■ • . L
Of 16 random ly s e le c te d  s t r a i n s ,  w ith  Monamine Oxidase Staa.n, no 
b lu e  bands, b u t h igh  runn ing  opaque bands, eq u iv a le n t to  th o se
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detected by Suocinic Miydrogonaso Method 1 (page 1(4 ) were seen* 
According to  Burst one (i960, page 437)# 10  ^ p^ohloroniGrouribenzoato 
and 3M urea are specific inh ib ito rs for maimmlian monomlne oxidase*
wlIn gel s lices  the opaque bands were completely inh ib ited  by, 10 M 
p-chloromea^curibensoate and 3M urea and p a r tia lly  inhib ited  by
p#chloromerouribenzoato* Those inîiibition experiments would 
indicate tha t the opaque bands were caused by enzyijiio activity* but 
heating experiments showed oth02:?\'rioô* Like the opaque bands 
produced by Sucoinio Miydrogenase Method 1 these bands are formed 
even a f te r  the ce ll contents have been atitoclaved a t 109^0 for 
30 minutes (page %)) * I t  i s  d lffic iilt to conceive of an enzyme 
capable of re s is tin g  this, temperature, and the reaction could bo 
explained by the reason given on page 1%%. The Monaraine, Oxidase 
Method was not used further for staining gel slices*
Dom, o x im sB  isozY m a
This enzyme is  commonly found in  mammalian tissues and is  capable 
of breaking down dihydrossyphenylalanine to  a dark pigment, melanin. 
Since many miorooocoi and staphyloooooi are pigmented i t  i s  
possible th a t these organisms produce melanin or re la ted  oompoundo 
as pigments and would possess DOPA oxidase enzyme.
THE DOPA method (page Î!ê )
The c e ll contents of 16 randomly selected s tra in s , some pigmented, 
some.4not, producing various colours of pigmont, v/ore electrophoresed 
on acrylaDiide gels and the s lices stained by the DOPA method. No
bands were seen in  the gel slioes and the sta in  vms not used any ■ 
f u r th e r # . , ,.
STARCH liYDHQLYBIHG ISQCT/OSS
The break#do%m of starch in  tho agar p late (page IC6) aeema to 
be one of the few domonotmble Moohemloal reactions tha t straina 
of Miorocoooue Xutauo and Miorocooouo roseus are canablo of doina; 
in  routine pliysiologieal te s ts  (page ) * I t  was thought tliat 
c la ss ifica tio n  of these biochemically weaic s tra in s  could be aided 
by examining gel slioes fo r the presence of starch hydrolysing 
isozymes* •
m tM A  (pageH 8 )
Yellow, orange, red and colourless bands, d ifferent from catalase ■ 
bands because they do not fade quickly, were deteoted in  aorylamide 
gel s lic es  (Plate 6  ) , but not in  starch gel s lic e s , by tho
method for a lim ited number of strains*
In order to  see whether these bands were caused by the breolc-»do\m 
of starch, as I  suspected, or not, f i r s t  of a l l  a comparison was 
made of the stra ins tha t produced bands in gel s lic e s , and those 
tha t hydrolysed starbh in  the agar plate* All the s tra in s  which 
hydrolysed starch in agar, the 4 stra ins of Miorooooous luWus 
which did not hydrolyse starch in agar, and randomly selected stra ins 
of microcooci and stapt^loooooi which did not hydrolyse staich  in 
ag03? (a- to ta l  of 144/ 4O6 s tra in s) wexo examined for starch bands in 
aorylamide gol slicos*
P la te  6
A c r y la m id e  g e l  s l i c e  s t a i n e d by t h e
mettwwi show ing  s t a r c h  hy d r o l y s i n g  i sozym e b a n ds
s t a r c h
b a n d s
c a t a l a s e
b a n d s
a n  i n  w  @64 n i  » b a m
The num bers  r e f e r  t o  s t r a i n  n u m b ers .  S t r a i n  n o .  289 i s  a y e l l o w  
p i g m e n t e d ,  g l u c o s e  o x i d i s i n g  m i c r o c o c c u s .  A l l  t h e  o t h e r  s t r a i n s  
a r e  m i c r o c o c c i  u n a b l e  t o  u t i l i s e  g l u c o s e  
s t r a i n  n o s .  309> 338 and  364 a r e  y e l l o w  p i g m e n t e d ;  
s t r a i n  n o s .  219 ,  292 and  332 a r e  r e d  p i g m e n te d  M ic r o c o c c u s  r o s e u s  
s t r a i n s  ;
s t r a i n  n o .  339 i s  a r e d  p ig m e n te d  M ic r o c o c c u s  r a d i o d u r a n s  s t r a i n .  
S t a r c h  h y d r o l y s i n g  isozym e b a n d s  a r e  r e d ,  o r a n g e  o r  y e l l o w  c o l o u r e d ,  
o r  c l e a r ,  and  do n o t  f a d e  q u i c k l y .  The c l e a r  low  r u n n i n g  b a n d s  a r e  
c a t a l a s e  b a n d s ;  t h e s e  f a d e  w i t h i n  a  few m i n u t e s  ( c f .  P l a t e  7 ) .
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Of the 144 stxain© examinod> ' '
33 s tx a iiia  îiydrolys'ing otai^oh ln  a g a r , a ls o  prodhoad s ta r c h  baxids, 
. 7 stra in s  liydrolysiug starch in  agar, f a i l e d  to produce any 
starch bands,
5 s tra in s  ’fa llin g  to liycb;olyse starch in agar, produced starch 
bands, and
99 s tra in s  fa iled  both to  hydrolyse staroh in  agar, and produce 
starch  bands#
A more d e ta i le d  com parison i s  shovm in  Table ^  ■*
-Table 42
Comparison of numbers of s tra in s  producing starch bands in  aal 
Blices. and s tra in s hydrolysing starch in agar





Iiyd3:olysis of , 
starch in  agar
______
Production o f 
starch bands 
in gel s lices
4* ■ * » . w
ooagulase *}• ve stapbylo.ooooi ,4/ 23. 1 3 . . 0 , 4
ooagulase vo stapiiyloooooi 58/207 9 49 . 1 57
glucose oxidising miorooocoi : 38/130 - 3 35 1 . 37
raioroooooi mxable to oxidise
glucose g red pigmented : 3.0/10 10 0 9 1
yellOY/ pigmented : 26/26 ■ 22 4 24 2
1 white pigmented ' 5/9 j 0 5 0 5
other pigments : 3/3 1 2 2 1
produoed
S5 positive reaction # negative reaction
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These resu lts  hîiov/ that the3:e is  a close hut not complété 
correlation, between the number of strains hydrolysing starch in 
agar plates and the number of strains producing starch bands. I t  
is  in the red and yellow pigmented micrococoi unable to  u t i l is e  
glucose that the corrélation is  closest. The resu lts  of the 
anomalous starbh resu lts  could not be accounted fo r, but the reasons 
put forward to  explain the anomalous urease resu lts  (page %%) could 
equally well be applied to these re su lts .
The next stop was to see i f  the patterns detected by the Starch 
Hydrolysing Enzyme Detection Method were caused by en%rmes. 
Unfortunately there i s  no known specific inhibitor for starch 
ixydrolysing enzymes (amylases), but mercuric chloride, vdiioh is  a 
general in liib itor of many enzyme systems?, was used* ■ Fre^inoubation 
of gel s lices  in  0.0021 mercuric chloride for 30 ndnutos, followed 
by soaking of the s lices in d ilu te boiled starch, containing the 
same concentration of Inhib itor, overnight inhibited the production 
of any starch bands, whereas lower concentrations of mercuric 
chloride did not prevent the appearance of the bands a t a l l .  Starch 
bands were also prevented from forming i f  the coll contents wore 
heated for 1 hour a t 60^0 and wealc bands appeared a fte r  ce ll contents 
were heated for only 5 minutes a t 60^0, In addition i t  was found 
tha t a comparison of the positions of bands as detected by Starch 
l'ïydrolysing Enzyme Detection Method and those detected by Protein 
Stain indicated that the starch bands are caused by agents protein 
in nature.
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These experiments indicate that the agents responsible for these 
bands appearing are starch hydrolysing isosymes, v/hich are iïüiibited 
by mercuric cliloridc and are heat sensitive. In opinion, 
therefore, the mechanism of the formation of bands by the Staroh 
%rdi'olysing Ensymo Detection Method is  as follows s- -
the isozymes cause the break#dovrn of starch in  the acrylamide gel 
s lices  during the incubation period, to give f i r s t  of a l l  dexurius, 
and then oligosaccharides, maltose or glucose* When the iodine is  
released by the peroxide from potaasiwii iodide, i t  reacts with the 
starch in  the gel s lices to  give a dark blue colour, but in  contrast, 
where the starch has been hydrolysed to doxtrins, red, orange and 
yellow bands appear; oomplete iiydrolysio of the starch to 
oligo- or disaccha3?ides resu lts  in the colourless bands* Ydxether 
one or more amylase enzymes is  active in the isozymes i t  i s  not 
possible to say, but since some bands appear to be dark red and 
others colourless (Plate é  ) there is  an indication that there is  
more than one type of amylase in  some of the isozymes*
Starch hydrolysing isozyme bands were used in the electrophoretic 
c lassifica tion  scheme of miorooocoi and stapliylococoi (page 3^7), 
and were of particu lar use in  classifying stra ins of MoroooocuB 
luteua and Miorooocous roseus* Tlxese bands can be seen in Plate é 
and in Diagram
There is  one fin a l point of in terest oonoorning the method of 
detecting starch Iiydrolysing euî^ yme bands* I f  the iodine stained
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gel s iloes, which had demonstrated starch liydazolyslng enzyme hands 
(Plate 6 ) , were soaked in  wate'r for up to a week, the background 
stain  gradually disappeared but numerous dark blue bands remained 
(Plate 7 ). Since those bands formed patterns sim ilar to those 
stained by Protein Stain, the folloY/ing Gx}periment was carried out:- 
Tiie ce ll contents of 8 stra ins (some producing starch Iiydrolysing 
isozyiiBS, some not) were electrophoresed on an aorylamide gel and 
the gel sliced* One of tho middle slices v/as stained by tho 
HgOg method and tho s lice  decolourised in water u n ti l  those dark 
blue bands appeared, and tho other middle s lice  was stained by 
Protein Stain* By comparing the 2 stained slices# the patterns 
were considered to bo iden tica l, and i t  was concluded that dark 
blue bands appearing during staining by the method were composed 
of protein, and that the blue black starch#iodine complex absorbed 
on to  protein bands* These dark blue bands stained by the H„0 
method arc not permanent, however, as they fade a fte r  a dpy or two 
longer in  water, but they reappear in the presence of d ilu te iodine* 
The HgOg method is  unique in that i t  can detect more than one 
recognised enzyme system, and can be used to demonstrate the presence 
of protein bands, catalase bands and starch hydrolysing enzyme bands* 
BLOOD BAMD ISBZTfÆBS CsSflC-
This method was evolved out of an attempt to  demonstrate haemolysina 
in gel slices* I t  i s  known that staphylooocoal haemolyoins are 
active only on certain blood species (page $"? ) , and i t  was thought
P la te  7
A c ry la m id e  g e l  s l i c e  s t a i n e d  by t h e  H .C.  method show ing  
s t a r o h  h y d r o l y s i n g  isozyme b an d s  ( c l e a r  z o n e s )  and i o d i n e  
s t a i n e d  p r o t e i n  b an d s  ( d a r k  z o n e s  )
s t a r c h  
bands  ^
T
i o d i n e
s t a i n e d - *
p r o t e i n
bands
S t r a i n
numbers 309 219 292 339 364 332 338 289
E l e c t r o p h o r e s e d  c e l l  c o n t e n t s  o f  t h e  same s t r a i n s  a s  i n  P l a t e  6 
I t  i s  w o r t h  n o t i n g  t h a t  t h e  c a t a l a s e  b a n d s  shown in  P l a t e  6 
f a d e d  b e f o r e  t h i s  p h o t o g r a p h  was t a k e n .
-  m
tha t i f  gel Alicea* containing electrophoresed c e ll contents, \7ere 
overlaid with agar, containing different opeoies of hlood, areas 
of clearing might oooiir in  some of the blood agar overlays and not 
In others*- Horse, hmmn, rabbit and sheep blood agàr shoots wore 
overlaid with st3:ips of a gel s lic e , each atrip  containing the 
same electrophoretic fraction  of the ce ll contents of one Imeimlytic 
StaTtkvlocQccnB aureus s tra in , and incubated* In fac t, no haenkalytio 
Bones appeared in  any of blood agar overlays, but the gel s trip s  had 
become opaque a l l  over, except for bauds of clearing *• now called 
"blood bands" •* as described in  the Materials and Methods section 
page %\% , and shomu on Plate 8 * ïhe transparent bauds formed
iden tica l patterns with a l l  the species of blood used in  the overlays^ 
I’Ims, although Imemolysius active in d ifferent species of blood could 
not be iden tified , I  thought th a t the bands could be of taxonomic 
biguifioanoQ, and \7h0n I. repeated the experiment, using the 
electrophoresed ce ll contents of B randomly selected stra in s  in 
aorylamide gel slices, overlaid with ogar containing one spocies of 
blood (horse), I  found tha t different blood band patterns developed 
for each s tra in , with some stra ins having 1 or S bands in c o b m o u *
I  considered from the experiment, that blood bands could be useful 
characters . in  a c lassifica tion  scheme, and accordingly I  examined a l l  
406 s tra ins for blood band patterns* of the stra ins produced
between 5 and 7 différant blood bands* Dhe values of the 
strongest low miming blood bands were iden tical to those of catalase
P la te  8
Acrylamide g e l  s l i c e  showing b lood  band isozymea
b lo o d
band
n o . 10
E l e c t r o p h o r e s e d  c e l l  c o n t e n t s  o f  8 M ic r o c o c c u s  l u t e u s  s t r a i n s .  
These  s t r a i n s  p r o d u c e  d i f f e r e n t  b u t  r e l a t e d  p a t t e r n s  o f  b lo o d  
b a n d s .
The s t r o n g  low r u n n i n g  b lo o d  bands  ( u s u a l l y  b lo o d  band no .  10 in  
s t r a i n s  o f  Mi c r o c o c c u s  l u t e u s  and ^  r o s e u s  ) have  t h e  same E^ 
v a l u e s  a s  t h e  c a t a l a s e  b an d s  p ro d u c e d  by t h e  same s t r a i n s .
The p h o t o g r a p h  was t a k e n  w i t h  t r a n s m i t t e d  l i g h t  a g a i n s t  a  d a r k  
b a c k g r o u n d .
2!
bandB in  100 strains compared, and the heat rooietances and degrees 
o f  Chemical inhibition are the same for agents causing catalase bands 
and blood bands in gel slices (pag'e ) # I t  appears, therefore, 
that catalase bands are oquivalent to the strongest low running 
blood bands# Since catalase bands fade qivJ.ok2y a fte r  th e ir formation 
in  acrylamide and starch gels, and more blood bands were detected per 
s tra in  than catalase bands, I chose blood bands in  preference to 
catalase bands as taxonomic characters for classifying a l l  406 
stra ins in  ny electrophoretic c lassification  scheme (page 2.^  ^),, as 
there was no point in  testing  strains for both types of band*
I considered that the comparison of values of a l l  the blood 
bands of a l l  the 406 s tra in s  for c lassification  purposes was 
impossible ; I  used the values of the strongest bipod bands, 
usually 1 or 2, for the stra ins tha t could be c lassified  on many 
positive physiological characters, e*g* stra ins of Staphylococcus 
aureus and ^# enidermidis s for the re la tively  few stra in s  that 
Exhibited a small number of physiological characters e .g . strains 
of Miorooocous luteus and M# roaeus. I  compared the values of a l l  
the blood bands (between 3 &nd 7 blood bands per strain)# Although 
only a few stra ins were c lassified  with bands additional to  the 
strongest blood bands, the band numbers assigned to them were valid , 
since no other iniorococcal or staphylococcal s tra in  produced any 
blood bands of the same values#
mBlood bands oan bo seen on Plates 8 and 9 , * Diagram v 
shows patterns of blood bands, typical of certain groups of strains; 
blood band numbers are also shown*
Meohenism of the formation of blood bands
At this stage i t  seemed that the formation of blood bands was caused 
by more than simply just the effect of lysis of red oells and 
probably depended on an alteration in the properties of the haemoglobin 
released as well. The red colour, vMoh had penetrated the 
acrylamide gel after overnight incubation at 37 0^, could have oome 
only from ruptw:ed red blood corpuscles, which owing to their 
relatively largo sise could not have eaoaped from thé agar in any 
quantity. Although it  was likely that haemoglobin was responsible 
for the red colour and opacity in the gel slices, I thought it  was 
important to check the significance of the other components of 
blood* To this end, the plasma supernatant of spun whole blood 
(horse) was taken and added to the basal medium; the plamma 
overlay did not produce any visible effect in acrylamide gel slioes 
after incubation* Just enough distilled water was added to the 
spun red cells in order to lyae them, and the g»:ey insoluble cell 
fragments spun dov/n and the red supernatant removed* Both the 
soluble and the insoluble red cell fractions were mixed separately 
with the basal medium in the same way as for the whole blood. The 
insoluble cell fraction overlay agar was faintly opaque before it  
came in contact with the gel slices but after incubation with the
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slides no red colour or bauds vmro seen* Tho agar with the cell 
ouperuataut fmotiou, ooutaiuing haemoglobin^  Ixad a distinct red 
colour before layering on to the gel slices, and after inoixbation 
the gel slices demonstrated, the ' characteristio opacity with many 
bands of clearing showing identical patterns to those seen with 
whole blood* Although it  was not possible to examine the effect 
of a pure preparation of soluble haemoglobin, in an agar overlay pn 
gel slices, these, experiments imve indicated that haemoglobin is 
probably responsible for the opaoity in the gel slices, after 
incubation at ?^^ 0*
Now it  is already known that whereas sheep haemoglobin is  very 
stable, human and horse haemoglobin denatijire readily and will give 
an insoluble smoky opaoity in agm^  after incubation at 37^0 
(Nelson, 1958a, b; Hutchison, 1962). Tlais information explains 
why horse, iruman and probably rabbit blood overlays produce a 
smoky opaoity in acrylamide gel slioes, and also why sheep blood 
overlay does so only very woalcly, since it is much more resistmt 
to dénaturation*'
It would seem therefore, that the horse, human and rabbit cells 
that are in contact wi.th the gel siloes lyse, allowing the 
haemoglobin released to diffuse into the slices* Since lysis of 
the red cells does not taiœ place without the presence of an 
electrophoresed acxylamide gel slice (starch gel,: siloes do not
produce blood bands) and an incubation period of over 12 hours at
o - .37 0, haemolysis is achieved by the presence of "tris"*oitrato~borate
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buffer (about pH 8*5)» the low cotioentration of cyanide from the 
gel monomer or the catalysts in the acrylamide gel, and the 37^0 
temperature durcing the overnight Incubation* The haemoglobin 
in the gel slices then undergoes dénaturation during the 
incubation period to form the insoluble ,opaoity, caused, according 
to Hutchison (1962), by the agglomeration of haemoglobin molecules#
The eldctrophoresed c e ll contents of a l l  the strains examined 
contained certain substances, possibly enzymes, which prevented the 
formation of, or caused the break~down of th is  denatm:ed haemoglobin*
If the blood band pattern of a middle slice of an acrylamide gel 
is compared with a protein pattern, stained by Protein Stain, of the 
other Biiddle slice of the same gel, each of the blood bands has a 
corresponding protein band of the same values* . Therefore, it  
seems that these blood bands are protein in nature* To try and 
establish if  these bands are enaymio, the effect of heat and enzyme 
inhibitors on the formation of the bands was examined. As can be 
seen from Table 45 and Diagram V II , heat prevents the formation of blood 
bands and each band may differ in its  sensitivity to heat between 
the time-tomperature combinations of 1 hour at 60^ 0 to 5 minutes at 
80^0. The formation of blood bands was also prevented by 10*^ M 
potassium cyanide, and partially prevented by 10 1.Ï cyanide. These 
experiments indicate that blood bands are caused by isozymes, and 
their relationships with catalase bands and liigh and low running 
bands detected by Peroxidase Method 1 are discussed later (page 273)*
The strongest low running blood bands also correspond to bands 
detected by Cyboohrosio Oxidase Method 2. The oloee relationships 
between blood bands and these other enzyme systems indioat© that 
blood band isozymes are oatalases, oxidases or peroxidases* The 
mechanism of the prevention of the formation of, or the breaîcwdown 
of the denatured haemoglobin, hovmver, is unlikely to depend on the 
release of ooqygen from or peroxides, since haemoglobin Ms a 
oatalasQ-^ peroxidase system of its o\m (the addition of bo 
crude haemoglobin results in effervescence).
It would seem much more likely that the bands are formed by the 
action of proteolytic enzymes. To find out i f  tîids is so, an 
overlay agar sheet, containing crude Memoglobiia was prepared, and 
the haemoglobin was allov/ed to be denatured and become opaque by 
incubation of the agar sheet at 37*^ 0 overnight* Then, the agar 
sheet wa-o washed thoroughly to remove any undenatured soluble 
haemoglobin, and the sheet overlaid with an acrylamide slice, 
oontaining eXeotrophoresed oell contents* After incubation 
overnight at 37 0^, the gel slice and the agar sheet were both 
examined for bands of clearing, but none were visible* It seems 
unlikely, therefore, tMt blood bands are produced by the action 
of proteolytic isozymes, although this last experiment may not 
have been sensitive enough to deteot proteolysis of the denatured 
haemoglobin (compare results with those of Proteolytic Enzyme 
Detection Methods page23y*' Other pieces of experimental evidence
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to show that blood bands are not aaused by proteolytio isozymes, 
are that a) alii the 406 strains produce blood bands, but only ooraa 
of the strains are proteolytic as shown by pliysiological tests 
(pageC^ S),. and b) the patterns of bands produced on gel slices by 
Proteolytic Method 1 (pageJlSS) correspond to esterase patterns and 
not blood band patterns*
Unfortunately, there is no positive evidence to show what the 
mechanism of blood band formation is , and it  is possible to speculate 
only on the negative results* All the information ind3;cates tlxat 
the agents causing the bands of clearing are enzymes which be 
protoin-llnlœd with components having oatalase-o.'H:idase**poroxidase 
activity, but not neoessarily playing any part in the formation of 
blood bands* Since it  seems that blood band isozymes are not active 
in breaking down denatured haemoglobin, as the last experiment 
demonstrated, then they must proyent, in some way, the formation of 
the insoluble opaque îiaemoglobin* The mechanism of the prevention 
of the Imemoglobin from denaturing to give clear bands is s t il l  
obscure*
THE SIGNXBICANCE OB USAT. AND. mYÎÆB BTHIBITOHB XN THEM* ami M'#!?#':*#  --- - -  ----- -
j s T j m s i s
Heat
Baillio & Norris (1963) examined the effect of heat on esterases of 
Bacillus cereus* and they found that a high running esterase band,
associated with vegetative cells, was inactivated by heating at go^ O
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for 5 minutes, and a low running esterase band, associated with
sporing celle was inactivated at 60^ 0 for 5 minutes* Gann & Willox
(1965) aloo examined the effect of heat on the formation of esterase
bands, but th is  time on l^vcobaoteriiua species# they found that
moat esterase isosymes-were re s is tan t to heating a t 60^0 for 4 hours,
oand some were even resistant, to heating at 100 C fôr 10 minutes*
To find out whether the h e a t  resistances of miorococeal and 
s t a p l i y l & c o o G a l l  esterases wore similar in any way to those of 
Bacillus and Mvoobaoterium esterases, tho Bsteraso Heating Experiment
(page220) was carried out* The results are recorded in Table 43 •
Table. 43





ïirao (rainu-bea) 30 5 5 60 120 24O 5 30 5
îomporatuKO y a )  45 50 60 60 60 60 80 80 Too
*J* #» m ■ m tm m #■'}<• ‘I* I#» '{ *t’ *i* 'I*
Low running 
I , bands
 ^' rf* tt* m ¥4 «*i . M
4' « a ll the bands present at full strength *!* all bands væaîî:
? . Ï3 a ll bands very weak - « no bands present at all
All the esterases appeared to be active after heating at 5 minutes 
for 50 0^, but only the high snxnning esterases were resistant to 60*^ 0 
for 5 minutes and 80^ 0 for 5 minutes, although the bands appeared 
very faint^ It would seem that the loi? running esterases have a
*• do
s l i g h t ly  lower h ea t r e s is ta n c e  th an  th e  h ig h  running  oneo* . I t  i s  
d i f f i c u l t  to  compare th e se  r e s u l t s  w ith  th o se  o f  D a i l l ie  & N o rris  
( 1963) and Gann à W illox ( I 965)» and the  o n ly  e s te r a s e s  w ith  
comparable h e a t r e s is ta n c e  a re  the  low running e s te r a s è s  o f 
mioroGocoi and o taphylocoooi and th e  h igh  runn ing  onos o f  th e  
v e g e ta tiv e  c o l l s  o f B a c il lu s  oereus*■ il I It- ». tÊH I#
Qhemica l  e ii^ n o  in h ib i to r s
The s e le c t iv e  a c tio n  o f  in h ib i to r s  have no t been u sed , as  f a r  as  
i s  know n,for the  c l a s s i f i c a t i o n  o f b a c te r ia l  e s te r a s e s ,  a lthough  
th ey  have been used  fo r  th e  id e n t i f i c a t io n  o f d i f f e r e n t  mammalian 
e s te r a s e s  in  t i s s u e  s e c t io n s .  Bour types o f  mmnialian e s te ra s e s  
have been d is t in g u is h e d  by in h ib ito r s *  ' Mamiiialian e s te ra s o s  a re  
p r im a r ily  d i f f e r e n t ia te d  in to  2 g3%»ups by th e  a c tio n  o f e s e r in e  
(p ea rs e ,  196O; page 483) e s te r a s e s  which a re  s e n s i t iv e  to  10* 
e s e r in e  a re  considered  to  be o h o lin e s te ra se s ; th e se  a ro  enzymes 
which liydro lyse ao o ty lch o lin e  and p la y  an im portan t p a r t  in  th e  
neurom uscular system in  anim als e s to ra se s  which o re  in s e n s i t iv e  
to  10 M e s e r in e  aro  consid ered  to  be n o n -s p e c if ic  e s te r a s e s  
a c t iv e  on many e s te r  s u b s t r a te s .  The n o n -sp e c if ic  e s te r a s e s  oan 
be- d i f f e r e n t ia te d  f u r th e r  in to  A -, B -, or G -e s to rase s  by th e  use  
o f o th e r in h ib i to r s  as sho\m in  Table 44 *
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C la s s i f ic a t io n  o f mammalian e s te r a s e s  by chem ical in h ib i to r a
.( a f te r  Pearae# 1960g nage 4Q3i
lOnzyme 1 Complete in h ib i t io n  by
A -e s te ra se 10"%I DPI?*, 10”%  B 600
io “%  pom
B-e s t e ra se 10“^M DPP, 10”%  B 600
O -esto rase 10"%  DPB, 10"%  E 600
*-210 M -pheny lp rop ion io  ao id
(a c t iv a te d  by 10*^M PGHÏB)
th e  f u l l  names o f th e se  in h ib i to r s  a re  g iv en  on page %% s
I th e  s u b s t ra te s  used  a re  o^-naphthyl a c e ta te ,  n aph tho l AS
a c e ta te s  and indoxy l a c e ta te s*
The same c o n c e n tra tio n s  o f  in h ib i to r s  th a t  a re  used  fo r  th e
d i f f e r e n t i a t io n  o f mammalian e s te r a s e s  in  t i s s u e  s e c t io n s  were used
on isozymes o f b a c te r ia l  e s te ra s e s  in  g e l s l ic e s *  Gel s l i c e s ,
co n ta in in g  e le c tro p h o re se d  c e l l  oon ten te  o f 12 s t r a i n s  o f
m lcrocoooi and s tap îîy lo co o o i, wero p ro -in cu b a ted  in  th e  s ta in in g
so lu tio n  fo r  E s te ra se  Method 1; c o n tro l g e l s l i c e s  were p ro -in c u b a te d
in  w ater b e fo re  s ta in in g *
No m ioroooooal o r  s tap h y lo co c ca l e s te ra s e s  were in h ib i te d  by 
■•510 M e s e r in e  and, th e re fo re  none o f th e  e s te r a s e s  were
o h o lin e s te ra s e s ,  which i s  n o t s u rp r is in g  s in c e  b a c te r ia  have
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n e i th e r  n e rv es  n o r m usc les , and would no t r e q u ir e  a o o ty lc h o lin e .
Gel s l i c e s  were p ro -in o u b a ted  in  DPP in  th e  fo llov fing
G o h co n tra tio n s?- 10*%,5xl0*^^M^ 10*% , and 10*%ï# None o f th e
17 e s te r a s e  bands d e te c te d  on th e  c o n tro l s l i c e  f a i l e d  to  appear
a f t e r  b e in g  in  oon tao t vnlth 10 M DPP* V/ith th e  h ig h e r
co n c e n tra tio n s  some o f th e  e s te r a s e s  were in h ib i te d s  th e  bands
th a t, were weak in  th e  c o n tro l  s l i c e  d id  n o t appear a f t e r
p re - in c u b a tio n  in  th e  h ig h e r  co n c en tra tio n s  o f  DPP, and on ly
5 s tro n g  h ig h  run n in g  bands were v i s ib le  a f t e r  p re - in o u b a tio n  o f
-3g e l s l i c e s  in  10 M DPP* I t  seemed, th e r e fo r e ,  th a t  th o  degree 
o f in h ib i t io n  o f th e se  e s te r a s e s  was p ro p o r tio n a l to  th e  amount o f  
e s te r a s e  p re se n t r a th e r  th an  to  th e  type  o f e s te r a s e  p resen t*
Prom th e s e  r e s u l t s  i t  was a t  l e a s t  p o s s ib le  to  say  th a t  th e re  were 
no B -e s te ra se s*
To d is t in g u is h  between p o s s ib le  A- and Q -e s te ra se s  g e l  s l i c e s
-5
were f i r s t  o f  a l l  p re -In c u b a te d  in  10 M DP? fo r  1 hour and then
were in cu b a ted  in  th e  e s te r a s e  s ta in in g  s o lu t io n ,  c o n ta in in g  e i th e r
—4 —P10 M PGMB o r 10 "M -p h en y lp ro p io n io  aoid* The subsequent
in c u b a tio n  in  10*^M PGÏ-ÎB p rev en ted  th e  fo rm ation  o f 3 bands and 
none o f  th e  e s te r a s e  isozym es was a c t iv a te d  by t h i s  chem ical; th e  
p resen ce  o f  -p h en y lp ro p io n io  a o id  p reven ted  th e  fo rm atio n  no t 
o n ly  o f th e  same 3 bauds b u t a ls o  2 o th e rs .  3?rom th o se  r e s u l t s  . 
i t  d o e s .n o t seem p o s s ib le  to  d iv id e  m iorocoooal and s ta p h y lo co c ca l 
e s te r a s e s  in to  A -, B- and G U esterases, by i n h ib i to r s ,  s in c e
268  *
A -estorasos! shou ld  bo In h ib i te d  by jPOI.ffl, and O -estoK ases sh o u ld , 
bo in h ib i te d  by 5~phsnylp%;opionio ao id  b u t a c tiv o to d  by PCi®* 
EB&T KBSISMCE.MD IIÎHIBII'IÛÎÎ ISXPEHIMTS OH PBHOXimSSS,
GAÏAÏASBS AMD BLOOD BiHDS
Heat ' .
In  ordoa? to  f in d  out w hether th e  p a t te rn s  in  g e l  s l i c e s  d e te c te d  
by P ero x id ase  Methods 1 and 2 , C a ta lase  D etec tio n  Method and 
Blood Band D etec tio n  Method wore enzymic in  o r ig in .o r  n o t ,  th e  
h ea t r e s is ta n c e  of, and th e  e f f e c t  o f  an enzyme in h ib i to r  on, 
ag en ts  vdiich cause th e se  p a t te r n s  was examined* ,
F i r s t  o f  a l l ,  P e ro x id ase , C a ta la se  and Blood bands H eating  
Experim ent (page ) was c a r r ie d  out* The r e s u l t s  a re  GXpr©ssed 
in  Table 45 *
Tabla.45-
ileat r e s i s ta n c e  o f argents th a t  produoo p a t t e r ns in  g e l  s l i c e s
P a t t  e ra  T im e(m inutes).
Tem pérature
*es?*r *fcet 3^t wr ?»^' e«r i ï - y z r L L ' f # ,  ur'.v
High ru n n in g  bands 
(p ero x id ase  Method 2)
High ru n n in g  bands 
(p e ro x id ase  Method l )
Low 32unning bands 
(P e ro x id ase  Method l )
Low ru n n in g  bands
(C a ta la se  D etec tio n  
Method)
I Blood Bands
30 5 5 60 120 24.0 ■ 5 10 30
43 0 50 C 60"0 60 0 60 0 60 0 8 0 ^  100 C 1 0 ^ ?
'I' *1' 'J*
t  A
*|l ' rj. «{* -J» *{» Mt M
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-r -  a l l  'bauds p re se n t a t  f u l l  s tre n g th s  ^  « about 25?  ^ o f  th e  
hands m iss in g , th e  rem ain ing  hands weaks -  » ab o u t 755"^  o f  the. 
bands m iss in g , th e  r e m in in g  bands very  weeks ^ no bands 
p re se n t a t  a l l .
Chemical onzvme in h ib i to r
Pooled  c e l l  con ten ts, o f  4 s t r a in s  were e leo tro p h o re se d  and g e l  
s t r i p s  p re p a re d . Kaoh s t r i p  v/as p re - iu o u b a te d  in  a  o o n o o a tra tio n  
o f  th e  in h ib i to r  and th e n  t r a n s f e r r e d  to  th e  s ta in in g  s o lu t io n  . o r  
th e  ag a r o v e rla y  b lo c k , c o n ta in in g  tho  same co n c e n tra tio n  o f 
i n h ib i to r  and in cu b a ted  f o r  th e  a p p ro p r ia te  tim e* Tho
•j p
c o n c e n tra tio n s  o f po tassium  cyanide used  were IM, 10"' M, lo" 'M  
and 10*"11. C ontro l s t r i p s ,  in cu b a ted  in  th e  a p p ro p r ia te  s o lu t io n s
o r w ith  th e  a g a r , v/ere alw ays compared w ith  th e  t e s t  s t r i p s  to  
make su re  th e  v a r io u s  methods were ab le  to  produce p a tte rn s*  The 
, r e s u l t s  a re  exp ressed  b e lo w in  Table 4 ^ .
The effect of the dn^iie Inlilhitoa; potassium oyahide on agents
th a t  produce u a ttem is  in  g a l  s i lo e s
%ern:» W!*i^*ï4^4Uîr.*! n<iriWVi=#3ç:fc±rtr‘r.ftfl<Ki'i*i„Whi*1F3*5t?».'ri ,-- tOtT^ » r h % I vt:
High ru n n in g  b&&d8 (P erox idaae Method 2) 
High runn ing  hands (P erox idase  Method l )  
Low xninning hands (P erox idase  Method l )
Low runn ing  hands (O a ta la se  D eteo tion
' Method i
Blood hands
Lowest oonoG iitration 
to  com pletely  in h ib i t
10"%  K®
not in h ib i te d  by




The h igh  run n in g  brown pepoxidase bands (P erox idase , Method 2) 
a re  th e  l e a s t  s e n s i t iv e  to  h ea t bu t th e  most s e n s i t iv e  to  potassium  
cyanide# D esp ite  th e  in h ib i t io n  o f th e  bands by. 10 '31 KCN,, th e  
v ery  h ig h  h ea t r e s is ta n c e  would cause any modern b iochem ist to  
doubt th a t  th e se  brovm bands were enzymic in  o r ig in .  N e v e r th e le s s , 
th e re  i s  ovidenoo in  th e  l i t e r a t u r e  to  show th a t  some b a c te r ia l  
peroxiidases a re  e x t r a o rd in a r i ly  h ea t r e s i s ta n t*  Oallow (1926) 
found th a t  even a f t e r  b o i l in g  c e l l s  o f Btaphylocoooue aureus fo r  
1 how?, p ero x id ase  a c t i v i t y  was d e te c te d  in  th o  t e s t  tube*
S im ila r3 y  F a r r e l l  (1935) and Edwards & R e ttg e r  (l9 3 7 ) re p o r te d  t l ia t  
o th e r  b a c te r ia  co n ta in  p e ro x id ases  r e s i s t a n t  to  au too lav ing*  S in ce , 
however, no enzyme k in e t ic s  were examined and tho  on ly  p ro o f o f 
enzymic p ero x id ase  a c t i v i t y  (a s  in  my experim ents) was th e  p roduction
2 U
o f dyes from v a r io u s  orgairio oompoimdo a s  guaiacura in  v i t r o ,  ' 
f u r th e r  expe3?imental work i s  re q u ire d  b e fo re  th e re  i s  conoluBive 
evidence th a t  Gram p o s i t iv e  ooooi produce enzyrnio p e ro x id a ses  
which a re  r e s i s t a n t  to  au too lav ing*
The h e a t r e s is ta n c e s  o f  th e  ag en ts  produoing p a t te r n s  by 
P erox idase  Method 1 , C a ta la se  D etec tio n  Method and Blood Band 
D eteo tion  Method a re  ty p ic a l  o f  th o se  o f enzymes. The appearance 
o f th e  h ig h  ru n n in g  and th e  low runn ing  P ero x id ase  Method 1 bands, 
however, a f t e r  in c u b a tio n  in  3JÎ cyan ide , in d ic a te s  th a t  i f  th ey  
a re  enzymic in  o r ig in  th e  enzymes producing  th e se  bands a re  no t 
s t r u c t u r a l l y  r e la te d  to  th o  known p e ro x id ases  or c a ta la s e s ,  which 
a re  in h ib i te d  by cyan ide , s in c e  t h i s  in h ib i to r  combines w ith  th e  
i ro n  m olecu les o f  th o se  enzymes* N ev e rth e le s s , acco rd in g  to  
F a r r e l l  (l935)»  who s tu d ie d  th e  r e s p i r a to r y  mechanisms o f s tre p to c o c c i 
some o f th e se  b a o te r ia  could  grow in  0*75?*^  ECU and s t i l l  produce a 
h ea t r e s i s t a n t  p e ro x id ase  enzyme; he suggested  th a t  th e  p ero x id ase  
d id  n o t c o n ta in  any i ro n  and th e re fo re  th e  enzyme vrould n o t be 
in h ib i t e d  by cyanide* Thus, i t  i s  n o t u n lik e ly  th a t  th e  isozym e, 
d e te c te d  by P ero x id ase  Method 1 a re  p e ro x id ases  an d /o r c a ta la s e s ,  
w hich la c k  any i r o n  in  t h e i r  s tru c tu re *  From th e  r e s u l t s  o f  th e  
h e a t s e n s i t i v i t y  and in h ib i t io n  experim ents , th e r e fo r e ,  i t  i s  
p o s s ib le  th a t  a l l  th e  ag e n ts  exaimined in  T ab les 4 ^  and 4 ^  a re  
enzym e in  n a tu re ,  a lth o u g h  i t  cannot be proved o o n o lu siv o ly  from 
th e se  oxnerim euts*
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The v a lu e s  o f  th e  hands produced , th e  h e a t r e s is ta n c e  r e s u l t s  
and th e  s e n s i t i v i t y  to  cyanide r e s u l t s  v/ore compared to  see i f  
any o f th e  p a t te r n s  d e te c te d  hy d i f f e r e n t  s ta in in g  methods were ■ 
produced by th e  same enzyme.
a) ' The r e la t io n s M p  between h ig h  runn ing  bands produced by 
P erox idase  Methods 1 and 2 and th o se  produced by B ucoinic 
Dehydrogenase Method 1 and th e  Monamine Oxidase Method 
High m m iing  bands d e te c te d  by P erox idase  Method 1 have th o  same 
va 'lues a s  th o se  o f bands d e te c te d  by P erox idase  Method 2, Sucoin io  
Deliydrogenase % th o d  1 , and Monamine Oxidase Method, b u t cn3y ag en ts  
capable o f  p roducing  bands in  th e  l a s t  3 methods ave h e a t r e s i s t a n t  
(T able , page Z/f3 , and page %gT| )# The s e n s i t i v i t i e s  o f 
th e s e  h ea t r e s i s t a n t  ag en ts  to  the 3 chem ical i n h ib i to r s  i s  
summarised In  T able 4 ^  ,
T able 47
D if f e r e n t ia t io n  o f 3 h e a t r e s i s t a n t  ag en ts  capable o f nroduoinig 
bands on g e l  s l i c e s  by 3 chGitdcal in h ib i to r s
P a t te rn
brown bands (Perox idaso  
Method 2)
?T\nH» t -wet 1
10” %  K «
Opaque bands (S u cc in ic  
Dehydrogenase Method l )
opaque bands (Monamine. ■ 
Oxidase Method)tliMhT
com plete
I n h ib i t io n  by 
10*^%! maXonate
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C le a r ly  th e  ag e n ts  reBpohsiÎD3.ë Vfo r th e  p roduo tion  o f bands in  th e  
4 methods examined a re  e l l  d i f f e r e n t  as  f a r  a s  enzyme in h ib i to r s  
and h e a t r e s is ta n c e  i s  concerned,
b ) The r e la t io n s h ip  betw een bands produced by P ero x id ase  Method 1 , 
C a ta la se  D e tec tio n  Method and Blood Band D étec tio n  Method 
The ag en ts  producing  p a t te r n s  o f low runn ing-bands w ith  th e  same 
E ,^ v a lu e s  by p e ro x id a se  Method. 1 , C a ta lase  D etec tio n  Method o r .
Blood Band D etec tio n  Method, have th e  same h ea t s e n s i t i v i t y  bu t n o t 
th e  same r e s is ta n c e  to  cyanide (T ables 4 ^  and 4 6 ) *  To shov; th e  
r e la t io n s h ip  between bands more cleaioly . Diagram 2SThas been dravm 
to  show th e  e f f e c t  o f  h e a t on th e  production , o f d i f f e r e n t  isozyme 
p a t te r n s  o f  th e  pooled co n te n ts  o f 4 s t r a i n s  (page )#. The 
e f f e c t  o f h e a t on each  isozyme i s  shown in  th o  diagram  ( th e  w eakest 
o f  th e  b lood  band isozymes- a re  n o t in c lu d ed j so th a t ,  th e  diagram 
re m a in sc c le a r) , From t h i s  diagram  i t  can be seen th a t  th e  p o s i t io n s  
o f  th e  isozym es and t h e i r  h e a t s e n s i t i v i t i e s  fo r. th e  low ru n n in g  
bands of P ero x id ase  Method 1 , 'c a ta la se , bands, and th e  s tro n g e s t  o f  
th e  low ru nn ing  b lood bands a re  i d e n t i c a l # S im ila r3 y , th e
p o s it io n s  and th e  h ea t s e n B it iv iry  o f th e  2 h ig h  run n in g  bands as  . - 
d e te c te d  by P erox idase  Method 1 and Blood Band D e tec tio n  Method a re  
a ls o  id e n t ic a l#  In  a d d i t io n ,  i t  was found th a t  a com parison o f 
th e  p o s i t io n s  o f  bands in  g e l  s l i c e s  a s  .d e tec ted  by each o f thoso  
3 methods w ith  th o se  d e te o te d  by P ro te in  S ta in  in d ic a te d  th a t  each 
o f th e  isozyme banda i s  caused by an agent p ro te in  in  nature*.
Diagram VII
The e f f e c t  o f  h e a t i n g  on t h e  p r o d u c t i o n  
o f  isozyme bands  a s  d e t e c t e d  by P e r o x ' d a s e  Method 1 ,  
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= isozym es detected by Blood Band Detection Method, 
Peroxidase Method 1 and Catalase Detection Method.
m i l l = isozym es produced by Blood Band Detection Method and 
Peroxidase Method 1 alone.
I J  = isozym es produced by Blood Band Detection Method alone
-  !î74 “ ' ■
' '  \  ï ’rom th e s e  r e o u ito  i t  oan he concluded th a t  a )  lov; m in in g
hands d e te c te d  by C a ta lase  D etec tio n  Method and Blood Band
D etec tio n  Method a re  caused by th e  same enzyme system , h ) tho
c a ta la s e  b lood  band isozym es have th e  same m o b ility  a'o th e  loi?
runn ing  bands d e te c te d  b y  P erox idase  Method 1 bu t th ey  have a  .
d i f f e r e n t  s e n s i t i v i t y  to  cyanides th u s  i t  Beams l i k e ly  th a t  th e re
a re  two p ro te in - l in k e d  enzysie s i t e s ,  d a ta la se -b lo o d  band and
p e ro x id a se , in  each, o f th e  bands, c). s im ila r ly  i t  would seem th a t
enzymes cau sin g  th e  h ig h  m um ing bands d e te c te d  by P erox ide Method I
and th e  2 h ig h e s t  b lood bands, a lthough  d i f f e r e n t ,  a re  a ls o  lin k e d
s in c e  th e y  have th o  same m o b i l i t ie s ,  b u t  n o t th e  same cyanide
s e n s i t iv i ty *  - - ■ ' ■ . ■ :
: - \ m m w '  . . .
C e ll c o n te n ts  o f m iorocpccal and staphy loooooal s t r a i n s  were 
e le c tro p h o re se d  on a cry  land  de g e l s ,  and examined f o r  I 4 d i f f e r e n t  
enzyme system s by a to ta l o f  28 d i f f e r e n t  methods* A pparen tly  many 
o f th e  methods capable o f  d e te c t in g  mammalian enzymes in  t i s s u e  
se c tio n s  a re  n o t s u i ta b le  fo r  d e te c t in g  b a c t e r i a l  isozym es in  
acry lam ide g e l s ,  s in c e  a  number o f  th e se  ex périm en ta l methods f a i l e d  
to  show any isozyme bands* ■ N e v e r th e le s s , 'th e  follo.vrlngisoKymes 
were shown to  occur in  a t  l e a s t  some o f th e  m^.orococci and 
s ta p h y lo co c c i 2-
E s te ra s e s ,,  p h o sp h a tase s , p«gluciu?onidases, p ro te o ly k ic  isozym es, 
u re a s e s , t r ib u ty r in a s o s ,  l a c t i c  deliydrbgenasea, m alic  dehydrogenases,.
m■peroxidasea, o a ta la se a ,; oytôolxrome/pxfâasoo, a t a r  oh hy d fb ly a in g  ; ' 
itopzyméa, ami b lood  band i s o zjoiiQà# In  a d d i t io n , th e  3 heat,
ro o ia ta n t  I'agonta, d e tèh te d  by |3iiooinio DalTyclroganaoe Method 1$ /  ,
^eroxidace'■■Method’ 2 , \ and th e  Monamine Osd.daao % thod»- were ' p reoen t \ .. 
in  th e  o e i l  oo n ten ta  o f  a i l .th e  m loroooboal and a tdphylopoooal i 
aiuMina examinéd , b n t .'Üiero a re  •doubts aa to  whether: th e y  a re  ,-■ • 
enxymes; o r  not* Ohlÿf e s t e r  a he s , Ôat a la  s e a , and peroxidnbed rhdve. ■ 
been p re v io u s ly  d e to o ted  in  s ta ro h  or ao3?ylamide g e l  s l i o e s , 
co n ta in in g  e le c tro p h o re se d  c e l l  contents, o f baotea?!©:* , ; •
I t  Vida shown fo r  th e  f i r s t  tiiiie th a t ;  e s te r a s e ,  .p h o sp h a tase , '
^ '.g luow ?onidase, and. p r o te o ly t ic  isozyme bands a re  • p robab ly  caused 
by^ one ensymç system , th a t  l a c t i c  and m alic dohyd?jogehase s a re  
l^robably caused  by a n o th e r , and n a ta la a e  bands. and lovf ; runn ing  \  
b lood  bands a re  produced by th e  same enzyme. system , a t  l e a s t '  f o r  " 
mloroGDGâi and stçplTylocoaoi* In . a d d i t io n , fo r  th e  f i r s t  tim e,
. th e se  b a c t e r i a l  e s te r a s e s , '/o a ta la ée s , p e ro x id a se s , 's ta rc h  • % ::
;hycirblyoing.isozym es^ b'iood band isozymes^ and th e  3 h e a t r e s i s t a n t -  
.agen ts were c h a ra o to r is e d  by r é s is ta n c e  to  h ea t and r e s is ta n c e  to  
chem ical in h ib i to r s *  ‘ \  J :'., ' v ,  •
. Three d i f f e r e n t  misyme - system s -  e s te r a s e ,  b lood  band, and s ta ro h  
hycb:olysing isozymes -  \7ere aised: a s . c h a ra c te rs  in  an, e le o tro p h o re tio  
c l a s s i f i c a t i o n  sohemo$ These 3 system s, and no pthG3?, were u se d , ,■
because th e s e  isozym es could, be d e te c te d  by m ethods,.certa in  to  work, 
and- th e  r e s u l t s ,  were rep ro d u c ib le*  A ll 406 s t r a in s  o f m iorococoi
P la te  9
Acrylamide g e l  s l i c e  showing blood bands
363 364 365 366357 358 361 362
Electrophoresed cell oontents of 8 strains from animal skin, milk, 
sea water and guts of salt water fish.
The blood band patterns of strain nos. 357» 362 and 363 are the same; 
similarly strain nos. 365 and 366 have identical patterns. The other 
3 strains have different patterns. Note the relationship of blood 
band patterns and esterase band patterns (Plate 10)•




P l a t e  10
Acrylamide gel s l i c e  s t a in e d  by
E s t e r a s e  Me t h o d  1 showing e s t e r a s e  isozyme b an d s
numt^rs ^57 358 361 362 363 364 365 366
E l e c t r o p h o r e s e d  c e l l  c o n t e n t s  o f  t h e  same s t r a i n s  shown i n  P l a t e  9* 
The e s t e r a s e  band  p a t t e r n s  o f  s t r a i n  n o s .  357 ,  362 and  363 a r e  t h e  
same;  s i m i l a r l y  s t r a i n  n o s .  365 and 366 have  i d e n t i c a l  p a t t e r n s .  
S t r a i n  n o .  358 p r o d u c e s  no e s t e r a s e  b a n d s  and s t r a i n  n o s .  361 and  
364  p r o d u c e  e s t e r a s e  band  p a t t e r n s  d i f e r e n t  f rom e ac h  o t h e r  and  t h e  
o t h e r  6 s t r a i n s .  E s t e r a s e  band p a t t e r n s  a r e  c o m p le m en ta ry  t o  b l o o d  
band  p a t t e r n s . ( P l a t e  9 ) .
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and s tap h y lo co cc i v/0320 exaniined f o r  o s te ra s e  ancL b lood  band iaosym es, 
and 144 s t r a in s ,  f o r  s ta rc h  hydro lyd ing  irjosymee to  bo ueed as 
c h a ra c te rs  3\n-the e lQ o tro p h o re tie  c l a s s i f i c a t i o n  scheme, p re se n ted  
in  th e  fo llo w in g  pdQtion (page 171)* . '
o
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THE ElEGTROPHORETIG GJABSlFlOMUm  SOHJL« -  M  ADAEGOMIAH CIASSXglCAglON 
OF m ê  406 SmâlNS OF mOROGOGGI AND STAPHYLOOOOGI 13ASEP ON 
IMCTROPHOHETIG CHAILâC^ ISRS ESl’JIIRASEt BLOOD BMD, AM 
Sa?ARGH irmOLYSIHC4 ISOZYMES
Xnti^oduQtion
Three Isogyme system s were chosoa fo r  use in  an eXeota?ophorotic 
c l a s s i f i c a t i o n  scheme o f inioroeoooi and stapl>ylooocoi (page27$*
Each o f th e  406 s t r a i n s  produced between a  minimum o f 0 and a  maximum 
o f 6 o f  a t o t a l  o f  87 e s te r a s e  bandsi and between a  Mnimum o f 0 and 
a maarimum o f 7 & t o t a l  o f 40 b lood  bands* A s e le c t io n  o f 144/406
s t r a i n s  produced between a minimum of 0 and a  maximum o f 3 s ta rc h  
lïydro lysing  isosymo bands; i t  was foimd th a t  o f  th e  144 s tr a in s »
3 s t r a in s  which d id  no t h yd ro lyse  s ta rc h  in  agar p la te s  produced s ta rc h  
iiyd ro ly sing  isoEjyme bands (pag^ and s in ce  none o f th e  rem aining
262/406 s t r a i n s  h yd ro lysed  s ta r c h  in  th e  p la te »  Î  assumed tlm t none 
o r v ery  few o f  th e se  262 s t r a i n s  would produce s ta rc h  h y d ro ly sin g  
isoKjyme bands, e s p e c ia l ly  a s  3 /5  o f th e  ex cep tio n s were s t r a i n s  o f  
M.QrocoQpU3 lu te u s è and X exam ned a l l  M. lu te u a  s t r a i n s  f o r  th e se  
2 s ta rc h  o lia ra o te rs ; an o th er excep tion  was M# radiodiupans, a  s t r a in  
now consid ered  to  be ou tw ith  th e  fam ily  Mi or 0 000 oaoeae (b a ird -P a rk e r , 
1965a)# T h e re fo re , i t  was assumed in  th e  e le o tro p h o re tio  c l a s s i f i c a t i o n  
scheme th a t  a l l  th e  s t r a in s  producing  s ta rc h  hydj^olysing isoayme bands 
were among th e  144 s t r a in s  examined (Table
E le c tro p h o re tic  c h a ra c te rs  a re  w e ll su ite d  to  an Adansonian
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c l a s s i f i c a t i o n ,  s in c e  each ieoîsyme band can be g iven  equa l w eight f o r  
c l a s s i f i c a t i o n  purposes (Sokal & Sneath , 1$63; page 46)# The 406 
s t r a i n s  were c l a s s i f i e d  ^Tith th e  e le c tro p h o re t ic  c h a ra c te rs  acco rd ing  
pQ th e  Adansonian p r in c ip le ,  and th e  r e s u l t s  o f  th e  e s te r a s e ,  b lood 
band, and s ta r c h  h y d ro ly sin g  isoayme an a ly ses  o f th e  406 s t r a in s  a re  
p re se n ted  in  Scheme 2 (pocket o f  back cover)*
In  Scheme 2 each o f th e  3 isozyme system s i s  a ss ig n e d  a  d i f f e r e n t  
syiabol| The com binations o f e le o tro p h o re tio  c h a ra c te rs  fo r  a l l  406 
s t r a in s  a re  shown (blanlc spaces in d ic a te  an absence o f a  c h a ra c te r ) ,  
and t r e a t i n g  each  c h a ra c te r  a s  equa l i t  was p o s s ib le  to  c l a s s i f y  th e  
s tra in s *  S ince t h i s  i s  a com prehensive Adansonian c l a s s i f i c a t i o n  
scheme, I  t r i e d  to  c l a s s i f y  a l l  4O6 s t r a i n s ,  in c lu d in g  s t r a in s  w ith  
e l l i p t l c a l l y  shaped c e l l s  (page (14)» and o a ta la s e  n e g a tiv e  s t r a in s  « 
X. hoped th a t  th e  Adansonian scheme would show w hether th e s e  s t r a in s  
were c lo s e ly  o r d i s t a n t ly  r e la te d  to  th e  o a ta la s e  p o s i t iv e  cocci*
The grouping  o f  th e  406 s t r a i n s  i s  an unenv iab le  t a s k ,  s in c e  each 
group i s  c re a te d  a r b i t r a r i l y ,  even though th e  c l a s s i f i c a t i o n  i s  based  
on th e  Adansonian p r in c ip le ,  and th e  c r i t e r i a  fo r  g rouping  a re  always 
open to  c r i t ic is m *  I ,  th u s ,  am q u ite  aware t lm t th e  g roup ings a re  
ïîiy own p e rso n a l ch o ice , and t l ia t  o th e r  taxonom ists cou ld , from th e  
some r e s u l t s ,  group th e  s t r a in s  d i f f e r e n t ly .  X have, n e v e r th e le s s , 
t r i e d  to  c r e a te  groups w ith  th e  milnimum of b ia s ,  and p re se n t as  
o b je c tiv e  a c l a s s i f i c a t i o n  os p o s s ib le  w ithou t th e  a id  o f  a com puter. 
Each group ing  i s  based on a  v is u a l  comparison o f th e  arrangem ent o f
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p a t te rn s  o f e o to ra e e , b lood  band, and s t a r  oh h y d ro ly sin g  iaosyme bands 
shown in  Scheme 2* I  co n s id e r  tlm t th e re  a re  30 E le o tro p h o re tio  
Groups, each co n ta in in g  between 1 and 119 s t r a i n s .  The geoups 
co n ta in in g  1 o r 2 s t r a in s  wôro th e  most d i f f i c u l t  to  de te rm ine , s in c e  
t i l l s  sm all number cannot c o n s t i tu te  a  " n a tu ra l group" # I  dec ided ,
however, in  such c a se s , th a t  i f  s t r a in s  sliaréd v ery  few e le c t ro p h o re t ic  
c h a ra c te rs  v d th  o th e r  s t r a i n s ,  i t  would be ad v isa b le  to  p la ce  th e se  
s t r a in s  in to  se p a ra te  groups^, in  t h i s  way any s t r a i n  found in  th e  
fu tu re  w ith  s im ila r  c h a ra c te rs  to  th e se  anomalous s t r a i n s  cou ld  be 
p laced  in to  th e s e  g roups.
A part from th e se  anomalous s t r a i n s ,  th e re  were o th e r  s t r a i n s ,  which 
shared  c h a ra c te rs  w ith  s t r a in s  in  2 o r more g roups, and th e se  s t r a i n s  
were a ls o  d i f f i c u l t  to  c l a s s i f y ;  X made no a ttem p t to  pu t th e se  
in te rm e d ia te  s t r a in s  in to  gi:oups o r  subgroups. An in te rm e d ia te  
s t r a i n ,  th e r e fo r e ,  i s  d e fin ed  as  vone which does n o t p o ssess  enough 
c h a ra c te rs  to  p la c e  i t  in  one group a lo n e , bu t has c h a ra c te rs  
in te rm e d ia te  v d th  s t r a in s  p re se n t in  2 o r more g roups.
A part from th e  e le o tro p h o re tio  c h a ra c te rs ,  p h y s io lo g ic a l 
c h a ra c te r  a ( th e  14 main c h a ra c te rs  o f  Scheme l )  o f  th e  406 s t r a in s  
a re  in c lu d ed  in  Soheme 2 , in  o rd e r  th a t  a  com parison may be made o f 
th e  p h y s io lo g ic a l g roup ings and th e  e le c tro p h o re t ic  g ro u p in g s. 
g le c trb p h o re t io  Groups
Each o f th e  fo llo w in g  groups i s ,  f i r s t  o f a l l ,  c h a ra c te r is e d  by i t s  
e s te r a s e ,  b lood  band, and s ta rc h  hyd ro lysing  isosymo p a t te r n s
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(Groups 1 - 2 3  and 29 and 30 co n ta in  no s t r a in s  producing  s ta r c h  
Iiy'drolyeiixg isosyB ies); each o f  th e  groups i s  c h a ra c te r is e d  by main 
bands,, which a re  common to  a l l  s t r a in s  vrith in  th e se  groups* Also 
m entioned a re  th e  a d d i t io n a l  bands, which s t r a i n s  may o r  may no t 
produce I th e se  a d d i t io n a l  bands may be used  to  id e n t i f y  s t r a i n s  
w ith in  th e  groups*
Secondly, a  few o f  th e  s tan d a rd  p h y s io lo g ic a l o h a rao to rs  a re  g iv en , 
fo llow ed  by th e  so u rces o f  th e  m a jo rity  o f th e  s t r a i n s .  Some o f th e
s t r a in s  were i s o la te d  from hujaan in f e c t io n s  (Table 2 3 ). S ince I  d id
n o t m ic ro sc o p ic a lly  observe c l i n i c a l  samples taken  from th e  in f e c t io n s ,  
i t  was n o t p o s s ib le  f o r  me to  decide whether th e se  s t r a in s  were 
p a th o g en ic , o r  sap ro p h y tic  con tam inan ts, b u t I  used  th e  comments o f  
th e  h o s p i ta l  b a c te r io lo g i s t s ,  who examined th e  sam ple#. I f  one o f 
th e s e  b a c te r io lo g i s t s  co n sid ered  th a t  a  s t r a in  caused a  d is e a s e , I  
term ed t h i s  s t r a i n  "p a th o g en ic " | i f  th e  s t r a in  was consid ered  to  
have been p re se n t in  an in f e c t io n ,  bu t no t proven to  be th e  ca u sa tiv e  
agent o f th e  in f e c t io n ,  I  term ed th e  s t r a in  "p o ss ib ly  p a th o g en ic*'• 
Hexb, each o f th e  E le o tro p h o re tio  Miorococous Groups i s  compared 
w ith  g roupings o f th e  most w idely  reco g n ised  m orphological and 
p h y s io lo g ic a l c l a s s i f i c a t i o n  s chôme, o f raiorocoooi and s tap h y lo co cc i 
a t  p re se n t -  t h a t  o f  B a ird -P ark e r (1963, 1965a; Table 5 ) .
F in a l ly  any c u l tu re  c o l le c t io n  s t r a in s  a re  com pletely  c h a ra c te r is e d  
e le o tro p h o re t ic a l ly *  For a b b re v ia tio n s  ^ .O .T .O ,, ÎÎ .G .I .B . and 0 .0 ,M* 
see Table 23*
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GRO’OP 1 (41 s tra in s),»  S tra in s  produce e s te ra s e  band no* 1 an d /o r 
band no* 01 (a d d i t io n a l  bands nos* 2, 3 , 5»6 , 7 »0» l6 , 20, 21, 64,77 o r 79)# 
and b lood band no* 3 (a d d it io n a l  band no# 5)*
Pipf Bio logy s S tra in s  a re  w h ite , yellov; o r golden pigm ented, z^o/41
gluoose fe rm e n ta tiv e , 19/ 4I  m annito l fe rm e n ta tiv e , 4X/4 1  g lucose 
o x id a tiv e , 38/ 41 m annito l o m d a tiv e , 3O/4 1  phosphatase producing ,
39/41 a c e to in  producing , and 21/41 coagulase producing*
Spurcos human sk in  and u r in a ry  t r a c t ;  20 s t r a i n s  from th e se  sources 
and 1 s t r a i n  from a  r a b b i t ’ s nose ( a l l  coagulase p o s i t iv e )  were 
p a th o g en ic ; one o th e r  s t r a i n  from human u r in a ry  t r a c t  was p o s s ib ly  
pathogenic*
B air d»"Parker group ings a Bta.pbylococcus su b ^o u n  I  (21 s t r a i n s ) ,  
^taphylQOpQcus subgroup VI (g s t r a i n s ) ;  th e  rem ain ing  s t r a in s  a re  n o t 
c l a s s i f i a b le  by B aird -P arko r*s scheme *
O uituro c o l le c t io n  s t r a i n s Stanhylocoocus o i t reu s  N*G*T*G* 7415 produces
e s te ra s e  band nos* 1 and 6 , end b lood band no* 3*
This i s  a heterogeneous g roup , co n ta in in g  many o f th e  b iochem ically  
a c tiv e  s t r a i n s ,  in c lu d in g  a l l  21 coagulase p o s i t iv e  s tr a in s *  I t  may 
w e ll be th a t  coagulase producing  s t r a in s  should be reg ard ed  as  v a r i e t i e s  
o f Group 1 organisms*
I t  i s  i n t e r e s t i n g  to  n o te  th a t  l )  o f th e  5 s t r a in s  examined no 
coagulase p o s i t iv e  s t r a i n  was found to  produce u re a se  isozyme bands, 
a lthough  most o f th e  s t r a in s  liydrolysed u rea  in  agar (page 2 S^)» and 
2) 9/10 o f th e  coagulase p o s i t iv e  s t r a i n s ,  and one coagulase n eg a tiv e
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s t r a in  o f Group 1 produced l a c t i c  dehydrogenase isoijjnne bands o f 
3 d i f f e r e n t  bu t r e la te d  p a t te r n s  (P a tte rn s  2 , 3 ^nd 4- page 1 4 4 ) . I t  
would appear th a t  th e  la c k  o f 'uœease isozymes and th e  p resence o f l a c t i c  
deliydrogenasQ isosymes could be o f taxonomic s ig n if ic a n c e  in  
E le c tro p h o re tic  Group 1*
GROUP 2 (7 s t r a in s )#  S tra in s  produoo e s te ra s e  band n o s . 6 and 12
(a d d it io n a l  band nos* 10 and 11) and blood band n o s. 3 o r 0 .
PhysiPiQ l^ # S tra in s  a re  w hite  (5 s t r a in s )  o r yellow  pigm ented (2 s t r a i n s ) ,  
7 /7  g lucose  fo rm e n ta tiv e , I /7  m annito l fe rm e n ta tiv e , 7 /7  g lucose 
o x id a tiv e , 4 /7  m annito l o x id a tiv e , 4 /7  phosphataoo producing and ? /?  
a c e to in  producing*
Source: human sk in  and u r in a ry  t r a c t ;  ,2 s t r a in s  from th e se  sourcos
were p o ss ib ly  pathogenic*
ÊÈaWasasmïS. subgroup 11 (3 s t r a ln o ) ,
Btaphylpcpecus subgroup VI (2 s t r a i n s ) ;  th e  rem aining  s t r a in s  a re  
n o t c l a s s i f i a b le  by B a ird -B ark er*s  scheme*
Group 3 i s  a r e l a t i v e l y  sm all, homogeneous g roup . r e la te d  to  some 
s t r a in s  in  Group 1 . One of th e  s t r a in s  i s  th e  o a ta la s e  n eg a tiv e  
s t r a in  no* 6g; i t s  p h y s io lo g ic a l c h a ra c te rs  a re  g iven  in  Table 36 *
‘I y
s t r a in s )#  S tra in s  produce between 3 and 6 o f  e s te r a s e  
band n o s. 20 *31, and b lood  band nos* 3 and 4 (3 s t r a in s  have e i th e r  
b lood  band n o . 3 o r  4 )*
HiysiolQAys S tra in s  a re  w hite  pigm ented, 2 l/2 2  g lucose  fe rm e n ta tiv e ,
-  2B3 *
7/22 m a m ito l fe rm e n ta tiv e , 22/22 g lucose o x id a tiv e , 18/22 m annito l 
o x id a tiv e , 12/22 phosphatase producing and 4 /22  a c e to in  producing*
Sources human ak in  and u r in a ry  t r a c t ;  6 s t r a in o  from th eee  sou rces 
wG3?e p o s s ib ly  pathogenic#
B a ird*Parker group ings : Staphvloopoo.ua subgroup X (4 s t r a i n s ;  th e se
a re  m annito l fe rm e n ta tiv e , phosphatase p o s i t iv e ,  b u t coagulase n e g a tiv e ) ,
Staphyloco opus subgroup I I ,  l^orococoua subgroup 5? th e  rem aining s t r a in s  
a re  no t c l a s s i f i a b l e  by B aird*B arker’s scheme*
T his i s  a heterogeneous gc:oup, co n ta in in g  c lo s e ly  r e la te d  b iochem ically  
a c t iv e  s t r a i n s ;  s t r a in s  o f Group 3 d i f f e r  p h y s io lo g ic a lly  from th o se  o f 
Group 1 and Group 2 m ainly in  th a t  they  r a r e ly  produce aceto in*  Group 3 
has n o t been previ,ous3y c h a ra c te r is e d  or d esc rib ed  b e fo re .
An o b se rv a tio n  in  support o f Group 3 s t r a in s  be ing  c lo s e ly  r e la te d  
i s  th a t  o f  th e  9 s t r a in s  which wore ab le  to  liydrolyse u rea  in  agar a l l  
9 produced 2 u rease  isozyme bands o f th e  same v a lu e s , b u t d i f f e r e n t  
from th o se  o f s t r a in s  in  o th e r  E le o tro p h o re tio  Groups (page % 0 ) .
GRODB 4 (?  s t r a in s )#  S tra in s  produce e s te ra s e  band no* 9 (a d d it io n a l
band n o s. 12 and gO), and b lood  band no* 3 o r nos* 2 and 15 (a d d it io n a l  
band no . 4)«
Bhymolggy# S tra in s  a re  w hite  pigm ented, 5 /7  g lucose  fe rm e n ta tiv e ,
0 /7  m annito l fe rm e n ta tiv e , 6 /7  g lucose o x id a tiv e , 6 /7  m annito l o x id a tiv e , 
7 /7  phosphatase p roducing , and 0 /7  ac e to in  producing*
Sources hea3.thy anim al sk in  ** mouse, guinea p ig ,  r a b b i t  and cow*
B air d.*3?a rk e r  g ro u p in g ss M orocoocus subgroup 6 ( l  s t r a i n ) ,
284 **
Mi erp Op OPUS subgroup 7 ( l  s t r a i n ) ;  th e  g lucose ferm en ta tive , s t r a in s  
a re  no t c l a s s i f i a b le  by B a ird -B ark e r’o scheme *
Group 4 c o n ta in s  r e l a t i v e l y  c lo s e ly  r e la te d  s t r a i n s ,  p ly  s i  o lo g !c a l ly , 
and e c o lo g ic a l ly , as w e ll a s  e le o tro p h o re t io a l ly ;  tlo is  group has no t 
been prevü.ously c h a ra c te r is e d ,
GRQtiP g (2 s t r a i n s ) :  S tra in s  produce e s te ra s e  band n o s, 5» 11# 7*^
and 80, and b lood  band no# 3 o r 0*
The 2 s t r a in s  a re  q u ite  d i f f e r e n t  p liy s io lo g ic a lly , a lthough  b o th  were 
is o la te d  from d ise a se d  htunan u r in a ry  t r a c t s , and th ey  could p o ss ib ly  
be p a th o g en ic • One s t r a i n  I s  o a ta la se  n e g a tiv e , w hite  pigm ented, 
g lucose and m annito l fe rm e n ta tiv e , and produces phosphatase and 
a c e to in . The o th e r  s t r a i n  i s  o a ta la se  p o s i t iv e ,  produces a brown 
pinlc pigm ent, and i s  com pletely  in a c tiv e  b io ch em ica lly , except tlm t i t  
o x id is e s  g lucose# N e ith e r  o f  th e se  s t r a in s  f i t s  in to  Baird«*Barker*s 
subgroups.
A lthough th e  s t r a in s  a re  homogeneous fo r  e s te r a s e  band numbers, 
th e y  show very  l i t t l e  e ls e  in  common, .and I  am o f th e  op in ion  th a t  
Group 5 i s  n o t a n a tu ra l  g roup ing , and may w ell b e , in  th e  f u tu r e ,  
dropped- from th e  c l a s s i f i c a t i o n  scheme.
GROUP 6 (119 s t r a i n s ) :  S tra in s  produce e a te ra s e  band n o s . 0 o r 2 or
2, 7 or 2, 5 , 7 o r 5 , 7 or 4 , 5 o r 3 , 5 o r 3 ( a d d i t io n a l  band n o s.
11, 83, and 0 4 ), b lood band n o s . 0 , 1, or 5 ( a d d it io n a l  band n o s.
3 and 6 ) .
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Strains are mostly white pigmented ( l  s tra in  i s  yellow 
pigmented, and 1 s tra in  produces a v iolet pigment in  addition to the 
white pigment), 113/119 glucose fermenting, 1/I I9 mannitol fermenting,
119/119 giuoose oxidising, 9/119 mannitol oxidising, 99/H9 
phosphatase producing and II8/ 1I9 acetoin producing.
Source: mainly from healthy human skin and urinary tra c t;  42 s tra ins
from these sources were possibly pathogenic; 5 s tra in s  were pathogenic 
(1 s tra in , $&qrocooous v io lo^abriellae. causes a chronic human skin 
infection) •
Baird*>Parker grounin^^s: Btaphylococcus subgroup I I  (07 s tra in s) ,
Sta-pliylococons subgroup IV or V (15 s tra in s) , Miorooooous subgroup 3 
or 4 (2 s tra in s ) ; the remaining stra ins are not c lassifiab le  by 
Baird-Parker•s scheme•
Oulture collection s tra in s : 5 Qtaphvloooocus epidermidis s tra in s  H.C.I.B*
8558, O.C.M* 02, 0 .0 .M. 36, O.G.M. 40, and C.O.M. 417 a l l  produce
esterase band no* 2, and blood band no. 1. Morocooous violagabriellao
H.O.T.C. 9865 produces esterase band nos* 2, 5, and 7# und blood band
no. 1; th is  s tra in  i s  equivalent to  Stankvlocoooua epidermidis (Evans, 1957)»
and Baird-Barker (1965&) 8ta plxvlo00oous subgroup I I .  I ,  therefore, agree
wit|i ko our & Martineo (1963a) and Baird-.Parker (1965a)» that
M. viplam brie 1 lae should be rec lassified  as a v io le t pigmented stra in
of S. epidermidio (Group 6 ).
Group 6 i s  the largest of a l l  the eleotrophoretio groups, and i t  
would appear from Scheme 2 tha t within th is  group there might be 10 or
2 8 6
11 possible subgroups, based mainly on patterns of esterase band numbers- 
These possible subgroups, hov/ever, merge into each other, and they are 
cUffioult to  characterise* Strains producing blood band nos* 1 or 
1 and 5, but no esterase bands, are included in Group 6, because 
stra ins vdth these blood band numbers are rarely  found outside Group 6* 
I t  is  in teresting  to note that l l / l3  strains which were able to 
inydï?olys0 urea in agar were each able to produce a urease isozyme band 
of the same value (page , I t  would appear tlmt urease isozymes 
could be of taxonomic significance in  Electrophoretic Group 6#
GRO10Q? 7 (lO strains)# Strains produce between 1 and 4 of esterase 
band nos* 2, 4» 5» 18, 20 and 21, and blood band no, 4 (additional 
band no* 3),
Phvsidlomr# Strains are white pigmented, 8/l0 glucose fermentative,
O/lO mannitol fermentative, lO/lO glucose oxidative, s/lO mannitol 
oxidative, $ /10 phosphatase producing, and lO/lO acetoin producing* 
Source : mainly from healtiiy human skin, but 4 stra ins v/ere possibly
puthogehio for human skin* ,
Baird-Parker arouninga# Staphvlooocous subgroup I I  (3 s tra in s), 
StauhvlococQua, subgroup IV or V (5 s tra in s); the remaining 2 stra ins 
are not o lassifiab le  by Baird-Parker's scheme*
Culture collection s tra in : QtanhvlooQooua epidermidis Q.O*M, 1577
produces esterase band nos. 4, 5, and 20, and blood band no. 4 *
Strains of Group 7 are sim ilar pliysiologioally and ecologically to 
those in Group 6, but they d iffe r from those of Group 6 in  that none 
of the stra ins in Group 6 produce blood band no. 4 , whereas a l l  the
2 8 8
Group 9, however, and a l l  6 otraius ia  the group woro Isolated by 
Dr# A*G* Baird-Parker# I t  :ls poasible tlmt etraino of thio group
Moy be found rminly on pig akin, a habitat I  did not iso la te  otimina
f3:om#
Another observation in oupport of Group 9 being homogeneous id that 
a l l  6 stra ins hydrolysed urea in agar and each produced 2 urease 
ieozymeo; the values of the iaozymeo wore the oamo for each s tra in  
but difforent from those of staminé in other ElGotsmphoamtlG Groups
(p ag sU H )*
saOBp 10 (2 oteolns)s strains produce oetoraee band nos» 9 and 19,
and blood band ixoe* 3 or 3 and 6# ■
Pbygiiolop^yg Straittct arc white pigmented, 0/2  gluooae and mannitol 
fermoatstive, 5 / 2  gluooae oxidative, l/2  mannitol oxidative, 2/2 
pliOGphataoG producing, and I/ 2  aeetoiu producing^*
Sour.ceg heaXtliy 00?/ oldL n and olioooo#
Bair4;*Faxicer s iEcroGqoquB subgroup 6 ( l  s tra in ); tlxo other
stra in  io  not olaoaifluble by Baird*»Barkor*o scheme*
SSSS2LM (3 strains)# Btralne produce oatomee band no* I 9 and
blood no* 3*
H -^pio logys Stam ina a re  w h ite  pigraontod, O/S gluooee and m annito l 
fa m io n ta tiv e , 3 /3  gtoooee oscldativo , 1 /3  rm n n ito l o x id a tiv e , 3 /3  
phosplm taae produolKig, and 0 /3  a c e to in  producing*
Hgugcoa -al l^n and fleaoo of healthy sheep, and crop of heultlxy grouse *
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BalrdwParker ffiorooocous subgroup 1 or 2 (2 s tra in s) ,
îtlorocoocus subgroup 6 (X s tra in ) . ■
GROUP 12 (40 s tra in s): Strains produce esterase band no. 3 and blood
band' nos. 3 or 3 and 6 .
Physiologys Strains mostly Y/liite pigmented ( 11 stra ins yellow 
pigmented), O/4O glucose and mannitol fermentative, 39/40 giuoose 
oDcidative, 29/40 mannitol oxidative, 22/ 4O phosphatase producing, 
and 8/40 acetoin producing.
Source.: cheese, milk, healthy cow and mouse sîcin, crop of healthy
grouse, sea water, healthy f ish  (Gadus nollachius and £* virons 1 guts 
and healthy lobster (liomarus vulgaris) ^ t s .
Bairdm-Parker groupings: Morococcus subgroup 1 or 2 ( l  s tra in ) ,
MiorocoocuB subgroup 3 or 4 ( l  s tra in ) , Morocoocus subgroup 5 
(12 s tra in s ) , Miorococous eub^oup 6 (lO s tra in s) , Morocoocus subgroup 7 
(1 s tra in ); the remaining s tra in s  are not o lassifiab le  by Baird^Parker’s 
scheme.
Culture collection s tra in s : 2 Btapbylooocous, lao tis  s tra in s , C.O.M.
1400 and 1413, produce esterase band no. 3, and blood band no. 3 ;
2 8 . la o tis  s tra in s , C.O.M. I412 and I407 produce esterase band no. 3 
and blood band nos. 3 and 6 .
Group 12 Is  a heterogeneous group of s tra ins, corresponding 
approximately to Staphylococcus lao tis  (page %  ).
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GHOpp 13 (7  s t r a i n s ) :  Strains produce esterase band no# 3# and between
3 and 4 of esterase band nos. 31, 53, 54# 55, 57# 58 and 59# and blood 
band no* 3 (additional band nos# 4# 6 and 20).
Physiologyc Strains are white pigmented, 2/? giuoose fermentative,
1/7 mannitol fermentative, 5/7 glucose formentative, 2/7 mannitol 
oxidative, 6/7  phosphatase produoing, and 3/7 acetoin producing. 
oheoBO#
paird">Parker grounln,?s: 8tanhylooocous subgroup I I  ( l  s tra in ) ,
MproooCQus subgroup 6 ( l  s tra in ), Mioroococus subgroup ^ (2 s tra in s); 
the remaining stra ins ere not o lassifiable by Baird«»Parker*s aoheme.
GHOBP^ 14 (37 s tra in s): S trains produce no ’esterase bands and blood
band nos. 3 or 3 and 6.
HivsioXoAve Strains mostly white pigmented (5 s tra ins yellow pigmented), 
7/37 glucose formentative, l/37 mannitol fermentative, 37/37 glucose 
oxidative, 26/37 mannitol oxidative, 28/37 phosphatase producing, and 
16/37 acetoin producing.
Sources ohoese, healthy human, cow, pig, rabb it, guinea pig, and fish  
skin, bacon and dust*
M lsay.ga.skei; : StaphyaoCPOQua subgroup I  ( l  s tra in , inannitol
fermentative, phosphatase producing, but coagulase negative),
Stauhyloqooeus subgroup I I  (2 s tra in s) , StaplivlooooouB subgroup 71 
(2 s tra in s), Morooooous subgroup 1 or 2 (2 s tra in s) , Morooooous 
subgroup 3 or 4 (3 s tra in s), lÿHcrocooous subgroup 5 ( l  s tra in ) ,
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MorodQOOUB BubgttQup 6 (I4 o tm ins); the romarlning s tra in s  are 
im classifia’ble by Balrd*Parker*s scheme*
Oultarce collection g trainés Btaphylooocoua saprophyticus N.C.T.G.
7292 and S. la c tis  N*0*T#G* 189 both produco no esterase bands but 
blood band no* 3; B. la o tis  C*0*M* 1404 produces no esterase bands 
but blood bands nos* 3 and 6*
Group 14 i s ,a  heterogeneous group# This is  understandable, since 
the stra ins in  tlids group do not îiave any esterase bands to  
charaoterisG them, and the blood,bands, 3 or 3 and 6, are found in 
other groups, including both microcooci and staphylococci*
GIpUp 1§ (2 s tra in s) ; Strains produce esterase band no* 17# and
blood band no* 3#
Phyaiolo^cjys Strains are white, pigmented, 2 / 2  glucose fermentative,
0/2  mannitol fermentative, 2 / 2  gltiooso oxidative, 0/2 mannitol 
oxi.dative, 0/2  phosphatase p3:oduoing, and 1/2 acetoin producing* 
goi^ees one s tra in  from healthy mouse %kih, and one s tra in  causative 
of woimd sepsis in  a human baby*
Baird^^Parkor groupingss Stanhvlocoecus subgroup IV or V ( l  s tra in ); 
the other s tra in  la  not c lassifiab le  by Baird-Parker’s scheme*
GROBB. 16 (3 s tra in s): S trains produce esterase band no* 13, and blood
band no# 3#
Piiysiolomr) Strains mostly yellow pigmented ( l  s tra in  white pigmented)
_ / 0/3 glucose and mannitol fermentative, 3/3 glucose oxidative, 3/3 0/3 glucose ana mannriioj. xerment;a’Gxve, j / j  glucose oxiaacive, 3/ j
mannitol oxidative, 3/3 phosphatase producing, and 1/3 acetoin producing.
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Source £ h e a lth y  human and gu inea  p ig  skin*
B aird^P arker mzouuin/^ss Mi or o co ecus subf^ oup 6 (2 s t r a i n s ) ;  th e  
rem aining  s t r a i n  i s  not, o l a s s i f i a b l e  by B aird-^Parker*e scheme*
GROUP 17 (lO  s t r a i n s ) :  S tra in s  produce e s te r a s e  band no* 14 and b lood
band no* 3 ( a d d i t io n a l  band n o s . 4 and 6 ) .
P hysio logy 8 S tr a in s  a re  m ostly  w h ite  pigm ented (3 s t r a i n s  a re  yellow  
p igm ented), O/lO g iuoose and m annito l fe rm e n ta tiv e , lO /lO  g lucose 
o x id a tiv e , 5/lG  m ann ito l o x id a tiv e , 8/lO  phosphatase p roducing , and 
3 /10  a c e to in  produoihg*
Sources m ainly h e a lth y  human and cow s k in , b u t 2 s t r a i n s  from human 
sk in  were p a thogen ic  and 2 o th e r  s t r a in s  p o s s ib ly  pathogenic* 
Baj.j;a*Pai'to ctoupIm s; morococow:& subgroup 3 or 4 ( l  s tra in ),
»
MiorQ,oooous subgroup 6 (4 s t r a i n s ) ;  th e  rem aining s t r a i n s  a re  no t 
c l a s s i f i a b l e  by Baird^^Parker’s scheme•
GROUP16 (4 s t r a in s )*  S tra in s  produce e s te ra s e  band no* 76 , and
e i th e r  b lood  band no* 3 (a d d i t io n a l  band no. 6 ) ,  o r  b lood  band n o s .
1 and 5 .
Phys io lo g y * S tr a in s  a re  w h ite  pigm ented, 3 /4  g lu co se  fe rm e n ta tiv e ,
0 /4  m annito l fe rm e n ta tiv e , 4 /4  g lucose o â i id a t l# ',  3 /4  m ann ito l . 
o x id a tiv e , 3 /4  phosphatase p roducing , and 4 /4  a c e to in  p roducing .
Source ft ' human sk in  and u r in a ry  t r a o t ,  and d u s t;  2 s t r a i n s  from slcin 
and u r in e  were pathogon lo .
B aird*Parker ATounings* S taphylocooeus subgroup I I  (1 s t r a i n ) .
-  293 -
Btaphylooooous subgroup 71 ( l  s t r a i n ) ;  th o  rem aining s ta in s  a re  n o t 
o la s s i f i a b le  by B aird-^Parker’ s aolierae*
GROUP 19 (2 s t r a i n s ) î  S tra in s  produce e s te ra s e  band nos* 15 and 70
(a d d i t io n a l  band n o s . 71 arid 72) ,  and blood band n o . 3 ( a d d i t io n a l  
band no. 15) .
P iiysio logy: S tr a in s  a re  e i th e r  w hite  o r  yellow  pigm ented, l /2  g iuoose
fe rm e n ta tiv e , 0 /2  m annito l fe rm e n ta t iv e ,2 /2  g lucose  o x id a tiv e , 0 /2  
m annito l o x id a t iv e , 2 /2  phosphatase  p roducing , and 1 /2  a c e to in  
p roducing . ,
Source & ’ h e a ltl iy  oa t and mouse sk in .
B a ird -P ark er g ro u p in g ss S tanhvloooocus subgroup I I  ( l  s t r a i n ) ;  th e  
o th e r  s t r a i n  i s  no t c l a s s i f i a b l e  by B a ird -P a rk e r’o scheme.
GROUP 20 (1 s t r a i n ) :  S tra in  produces e s te r a s e  band n o s . 69 and 87,
and b lood  band n o s. 3 and 6*
P h y s io  lo g y  s S tr a in  i s  v/liite pigm ented, does not ferm ent e i th e r  g lucose 
o r m an n ito l, n o r does i t  o x id is e  m an n ito l, bu t o x id is e s  g lu c o se ; 
produces phosphatase b u t no t ace to in*
S ource: d u s t .
Baird«^Parker fcrouning: s t r a i n  no t c l a s s i f i a b le  by B a ird -P a rk e r’s scheme.
Group 20 i s  a  v ery  sm all group; th e  pliysio logy and th e  b lood  band 
p a t te rn  o f th e  s t r a i n  a re  common to .o th e r  e le o tro p h o re tio  g roups, bu t 
th e  e s te r a s e  band p a t te r n  i s  unique fo r  Group 20*
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GROUP 21 (3 s t r a iu o ) :  B tra in s  produce between 2 and 4 Of e s te ra s e  
band nos* 11, 32, 45 , 46, and 85, and b lood  baud no . 2 ( a d d it io n a l 
b lood band n o s. 31 and 34) .
Phyalo iogy: S tra in s  a re  m ostly  w hite pigmented ( l  s t r a i n  i s  yellow
pigm ented), 1 /3  giuoose fe rm e n ta tiv e , 0 /3  m annito l fe rm e n ta tiv e ,
2 /3  g lucose o x id a t iv e , , 1 /3  m annito l o x id a tiv e , I/3  phosphatase 
produoixig, and 1 /3  a c e to in  producing#
Source t h e a lth y  gu inea p ig  s k in , and 2 o u ltu re  - c o l le c t  io n  s t r a in s  
of unknown so u rce .
Baird7>Pa3?ker ^ ro u n in g s: Btaphylococoue subgroup 71 ( l  s t r a i n ) ,
MiproGopQUG subgroup 7 ( l  s t r a in )  |  th e  rem aining s t r a in  i s  no t 
c l a s s i f i a b le  by BaixxW^arker ' s 'scheme.
C u ltu re  c o l le c t io n  s t r a i n s 1 S tanhvlococcus l a c t i s  M,O.T*G. 7564 
produces e s te r a s e  baud n o s . 11, 45s and 46, and b lood band no . 2. 
Mlcrococous candidus N .O .I.B . 86IO produces e s te ra s e  band n o s . 45 and 
65 , and b lood  band no . 2 . T his st3:ain ferm ented g lucose  and o x id ised  
m annito l; th e re fo re  i t  i s  c le a r ly  n o t a  miorocoocus in  th e  g e n e ra lly  
accep ted  te rm ino logy .
GH0T3B 22 (4 s t r a in s )*  S tra in s  produce e s te ra s e  band no . 37, and blood
band n o s . 3 o r 3 and 6 .
Phy^cO^Qrs S tra in s  a re  m ostly  yellow  pigmented ( l  s t r a in  i s  w hite 
p igm ented), 1 /4  g lucose fe rm e n ta tiv e , 0 /4  m annitol fe rm en ta tiv e ,
4 /4  g lucose o x id a tiv e , 3 /4  m annito l o x id a tiv e , 3 /4  phosphatase producing , 
and 1 /4  a c e to in  p roducing .
Sources h e a lth y  p:lg and rah lx it sk in , and d u s t .
Th03:e a re  p o s s ib ly  2 subgroups w ith in  Group 22s-
a) 3 s t r a in s :  s t r a i n s  producing  e s te ra s e  band no. 37? and blood
band n o s . 3 . ; "  S tra in s  a re  yellow  pigm ented, g iuoose and m annito l 
o x id a tiv e , and phosphatase p roducing . Som?ces p ig  and r a b b i t  s k in . 
B a ird -P ark e r grsoupings M orocooous subgroup 6 .
#6 t#iEx.Te3n4TrrTTiwr«*s™^mfi.HM:jpfÀ’i f 5 iB s ie ‘<!ÇerArWc**i4c*>i'te,'î’«yY<Tr- i^
b) 1 s t r a in s  s t r a i n  producing  e s te ra s e  band no . 37? and blood band 
n o s. 3 and 6 . S tra in  i s  w h ite  pigm ented, g lucose  but not m annito l 
fe rm e n ta tiv e , and a c e to in  b u t not phosphatase p roducing . Sources dust 
B a ird -P ark e r groumixgs Staphylococcus subgroup IV or V,
There a r e ,  however, n o t enough s t r a in s  to  j u s t i f y  su b d iv is io n  a t  
p re s e n t,  and i t  rem ains to  be seen w hether f u r th e r  i s o l a t e s ,  which can 
be p laced  in  Group 22, can f i t  in to  e i th e r  of th e se  p o s s ib le  subgroups.
£SS®i-^3. (3 s t r a in s ) s  S tra in s  produce 2 o f e s te ra s e  band n o s . 44» 56 
and 86, and b lood band no . 3*
Physiologys S tra in s  a re  w h ite  pigm ented, 0 /3  g lucose  and m annito l 
fe rm e n ta tiv e , 3 /3  g lucose o x id a tiv e , 2/3 m annito l o x id a tiv e , 2/3 
phosphatase p roducing , and 1 /3  a c e to in  p roducing .
Sources h ea ltliy  cow sk in  and cheese .
B a ird -’Parke r  g ro u p in g ss Miorococous subgroup 6 ( l  s t r a i n ) ;  th e  
2 rem aining s t r a i n s  a re .n o t  c l a s s i f i a b le  by B a ird -P ark er* s scheme.
Gultmze c o l le c t io n s t r a in s  IvLiorococous au ran tiao u s  (M icrobiology D ep t., 
U n iv e rs ity  o f Glasgow, c u l tu re  c o l le c t io n )  produces e s te r a s e  band n o s.
44 and 56, and b lood band n o . 3*
[/
(27 s t r a i n s )  s S tra in s  produoo between 0 and 4 o f  e s te r a s e  
band n o s . 9» 3& -  44 and 83, between 1 and 7 o f b lood band nos* 3 , 8 -  
12, 23» 26, 29 " 40» and between 0 and 8 o f  s ta r c h  i-jyob^olysing enzyme 
band nos* 2 * 6*
Physio lo g y : S tr a in s  a re  yellow  pigm ented, p /27 g lu co se  o r m annito l
fe rm e n ta tiv e , 1 /27  g lucose  o x id a tiv e , O/s? m annito l o x id a tiv e ,
6/27 phosphatase p roducing , 3/ 2? ac o to in  p roducing , and 23/27 s ta ro h  
hydro lysing*
Sources S tra in s  m ostly  from c u l tu re  c o l le c t io n s ,  and so u rce , th e r e fo r e ,  
unîmov/n, bu t sou rce  o f 4 s t r a in s  i s  d u s t, bacon, ice -c ream  and f i s h  g u ts .  
Bajj-rd-Paskerg ggoupinfi'a» flcrocooous subgroup 7 (26 s tra in s); tho 
rem ain ing  s t r a i n  i s  no t c l a s s i f i a b l e  by B a ird -P a rk e r*o sohemo.
Gultmze QQlleo tio n  s t r a i n ss StaphYloGOOous aferm entens H. G. T * 0 . 2665• 
produces e sb e rase  band n o s . 36,. 37, 41 and 44, blood  band n o s . 10, 29,
31, 33 and 34, and s ta rc h  h y d ro ly s in g  enzyme band n o . 5* T his sp e c ie s  
should  be r e c l a s s i f i e d  a s  Microcooous lu to u e ♦r-tîiSï’ U iai
8 . Q,a%OGyan0ug E.G .T.O . 7011 produces e s te ra s e  band n o . 9 , 36, 37 and 
40 , b lood  band n o s , 10, 29, 32, 33 and 34, and s ta r c h  liyd ro ly sing  
enzyme band no . 5* T his s t r a i n  produces a  b lack  pigm ent, in  a d d itio n
to  th e  yellow  pigment ty p io a l  o f  s t r a in s  in  Group 24a* T his sp ec ie s
i s  c le a r ly  a v a r ie ty  o f  Microoocouo lu te u s .
8* to tjans E .G .T.G . 0512 produces no e s te ra s e  bands, b u t blood band n o s .
10, 30 and 32, and no s ta rc h  h y d ro ly sin g  enzyme bands.
S a rc in a  l u t ea (M o rob io logy  D ep t., U n iv e rs ity  o f  Glasgow, c u l tu re
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c o l le c t io n )  produces e s te r a s e  band nos# 36 and 39? b lood band noe#
18, 11, 29, 31, 33, 34 and 35, and s ta rc h  h y d ro ly sin g  enzyme band no . 5 
T his sp e c ie s  should-be r e c l a s s i f i e d  as M orooocous l u t  e u s .
M orococoua sodonensia R .G .I .B . 8854 produces e s te ra s e  band n o s. 9 , 37, 
40 , 43 and 44 , blood band nos* 10, 29, 31, 33 and 34, and s ta rc h  
h y d ro ly sin g  enzyme band n o . 5* This sp ec ie s  i s  c l e a r ly  a s t r a i n  o f 
la. o r000ecus lu te u e .
M* lu te u a  0 .0 *M. 248 produces e s te r a s e  band n o s . 36 and 41 , b lood  band
n o s . 10, 29, 31, 33 and 34, and s ta r c h  liydroiyoing enzyme band no. 5*
M. 8.O.M. 291 produces e s te r a s e  band no . 36, blood band nos*
8 , 10, 29, 31? 32, 33 and 34, and s ta rc h  h y d ro ly sin g  enzyme band no . 5*
M. lu t e i ^  C.O.M. 310 produces e s te ra s e  band n o s . 36 and 38, b lood band 
n o s . 12, 31, 32 and 34, and s ta r c h  liyd ro lysing  enzyme band no . 5*
M* O.O.M* 352, GcOpM. 365, and G.G.M. 531 produces e s te ra s e  band
no . 9 , b lood band n o s . 10, 29, 31, 32, 33 and 34, and s ta rc h  liydro lyeing  
enzyme band no. 5*
S* O.C.M. 370 produces e s te r a s e  band n os. 9 , 36 , 48 and 42 , b lood
band nos. 10, 29, 31, 33 and 34, and s ta rc h  h y d ro ly sin g  enzyme band no . 5 
M. lu te u s  G.G.M. 418 produces e s te r a s e  band nos* 36 and 39, b lood band 
n o s . 10, 29, 31 and 34, and s ta rc h  hydro lysing  enzyme band no. 5*
M. 3^teu£  G.G.M. 443 produces e s te r a s e  band n o s. 9 , 36 and 4 4 , b lood 
band n o s . 10, 29, 31, 33 and 34 and s ta rc h  h y d ro ly sin g  enzyme band n o . 5* 
M. lu te u s  G.G.M* 658 produces e s te ra s e  band n o s . 9 , 36, 48 and 43 , b lood 
band n o s . 10, 11, 29, 31 , 32, 33 and 34, and s ta r c h  h y d ro ly sin g  enzyme 
band no . 5* .
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M. lu te u s  CoO.M. 610 produces e a te ra s e  band n o . 37* blood band n o s .
11*. 30 and 31, and s ta rc h  h y d ro ly sin g  enzyme band no# 5*
M. 3xvbe^ O.O.M. 855 produces e s te r a s e  band n o s . 9 and 36 , b lood band
n o s . 10, 29, 30, 31, 33 and. 34, a n d -s ta rc h  Iiydro lysing  enzyme band no . 5-
M. (Microbiology,. D ep t., U n iv e rs ity  o f  Glasgow, o u ltu ro
c o l le c t io n )  producGs e s te ra s e  band nos* 36, 37, 41 and 44?blood band 
n o s . 10, 29, 31 and 33, and, s ta rc h  Iiydrolysing  enzyme band no. 5*
T his sp e c ie s  i s  c le a r ly  a v a r ie ty  o f Miorooocoua lu t  ©us, whioh i s  
probably, very  s e n s i t iv e  to  Xysos.-ymo.
M», cp% )pmerati;is. G.G.M. 748 producea e s te ra s e  band n o s . 9i 36 and 83, 
blood band n o s . 3 and .10, and s ta r c h  hydro lysing  band no . 5*
M.. p qnglomer a t  US' G.O.Mi 836 produces e s te ra s e  band no. 36, b lood band
nos.. 10,, 23*, and 26, and s ta r c h  Iiydro lysing  enzyme band no . 5* .
,, U nlike p h y s io lo g ic a l c l a s s i f i c a t i o n s , ,  t h i s  e le o tro p h o re tio  
c l a s s i f i c a t i o n  has sho\m th a t  th e  yellovf pigm ented biochom iloally weak . 
m icrococci be lo n g  to  a heterogeneous group o f s t r a i n s  w ith  c lo s e ly  
r e la te d  c h a r a c te r i s t i c s .  ,
.. There a r e  p rob ab ly  3 subgroups in  Group 2 4 :-  
sub AT oup ,a (22 s t r a in s ,) :  S t r a in s  a re  yellow  pigm ented, and produce 
between 1 and 4 o f  e s te r a s e  band n o s . 9 , 36 -  44 , between 3 and 7 o f 
b lood band n o s . 8 , 10, 11, 12, 29 ~ 35* and between 0 and 1 o f s ta rc h  
Iiydro lysing  enzyme band ;n o . 58ou3?oe: d u s t, bacon, and a l l  th e  c u l tu re
c o l le c t io n  s t r a i n s  o f  Miorococous lu te u a . B a ird -P ark o r groupings
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’ U n fo rtu n a te ly  u rease  isozymes a re  of- little -ta seo n o iid o  s ig n if ic a n c e  
in  Croup 24a -  on ly  1 o f th e  5 s t r a in s  virioh were ab le  to  Iiydrolyse 
u re a  in  ag a r produced u reaso  isozymGs (page 240) .
nuUgs^oup h ( l  s t r a i n ) :  S tra in  produces sm all l i g h t  yellow  co lo n ie s  •
on ag a r m edia, and produces e s te ra s e 'h a n d  nos. 36, 42 and 43* h lood 
hand n o s , 9? 36 -  4 0 , and s ta r c h  hydroü^sing enzyme hand n o s, 2 and 4* 
Source: th e  g u ts  o f  a  ly th o  (Cadus p o l la o h iu s)# f r e s h ly  caught o f f
th e  I s l e  o f Oronsay, Golonsay, A rg y ll , S co tland ,
B a ird -P ark er g rouping: Mi93^ 000ocup subgroup 7 , A s t r a i n ,  such as 
th a t  in  Group 24b, h a s 'n o t  been p rev io u s ly  d esc rib e d  o r c l a s s i f i e d .  
A lthough th e re  i s  only  1 s t r a i n  in  tM s  subgroup, t h i s  s t r a i n  d i f f e r s  
s u f f i c ie n t ly  in  m orpholog ical, e c o lo g ic a l and e le c t ro p h o re t ic  c h a ra c te rs  
from o th e r  s t r a i n s  in  Group 24 to  p lace  i t  in  a s e p a ra te  subgroup#
(3 s t r a in s ) ?  S tra in s  produce yellow  o r orange yellow  
pigm ents, and 1 s t r a i n  o x ld iso s  g lu co se ; s t r a in s  produce between 
1 and 3 o f e s te r a s e  band n o s . 9* 36 and 83, between 1 and 3 o f  blood 
band n o s . 3 , 10, 23 and 26, and between 1 and 2 o f s ta r c h  Iiydro lysing  
enzyme band n o s. 3 , 5 and 6 , Sources ice«oream , and 2 eultua?e 
c o lie  o t ion  stjraiiitt cf M, c qngl onier a tu  0 » B air d - f  a rk o r groupings :
subgroup 7 (2 s t r a i n s ) ;  ‘ th e  rem aining s t r a i n  u n c la s s i f ia b le  
by Baird«Parke'r»o schemo*
The 2 M. Gonglome3?atus s t r a i n s  a re  th e  l e a s t  r e l a t e d  s t r a in s  in
i.ijii'ifc.xn um #* I ill .ipj.
subgroup 0 . As can be seen from Scheme 2 , 1 s t r a i n  o f  Group 24 does 
n o t f i t  in to  any o f th e  subgroups •=> t h i s  s t r a i n ,  S tauhylocooous a f e r mentana
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N.O.T.G* 8512, I s  considered to be closely re la ted  to , but not inoluded 
in , subgroup a . ^
GROUP 25 ( l  stsjain): Strain produoof3 esterase band nos. 31, 66, 67 and 
68, blood band no. 12, and s ta r oh Iiydrolysing enzyme band no. 11. 
Physiologys Btî^ain produoes a cinnabar brown pigment, and does not 
u t i l is e  glucose or mannitol, or produce phosphatase or acetoin.
Bouroes Miprocoocua c innabar eus . Microbiology Dept., University of 
Glasgow, oulture collection s tra in  of unknown source.
Baird-Parker groupings Strain is  not o lassifiab le  by Baird-Parker’s
T " - iT r - r " 1r ^ T f n r r r — lY T i i r f  ii r   ^T n-Tirrriirrrw rBrfiMiiiiii l iTfi v
scheme.
T his s t r a i n  d i f f e r s  morphologiOQily (page 3 0 6  )  ^p h y s io lo g ic a l ly , 
and o lé o tro p h o re t ic a l ly  from o th e r  mioroeoooi and s tap h y lo o o co i, and 
th e  s t r a i n  i s  p robab ly  no t a  ja icrocoocus. I ,  th e r e fo r e ,  exclude 
Group 25 fazom th e  genua M iorococous.
GR0£P^£6 ( l  s t r a i n ) :  S tra in  produces e s te r a s e  band n o s . 3 , 18, 44»
62 and 63, b lood  band no . 10, and s ta rc h  hyd3?olysing enzyme band nos.
8 and 10.
PhvsiolOp^ v'? Strain produces a deep red pigment, d ifferent in colour 
from the pigments of Miorococous roseus, does not ferment or osddise 
either giuoose or mannitol, nor does i t  produce phosphatase or acetoin, 
but is  starch Iiydrolysing*
Source; M crpooocua sm diodurans E .G .I .E . 9279 o f  unknovai so u rce .
Baird-Parker grounina; S train is  not c lassifiab le  by Baird-Parker’s 
scheme.
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C ell w all a n a ly s is  o f Mlorooooous r a d io c taans by Work ( 1964) has 
Blioxm t h a t  th e  O0I I  v /a lls  o f  t h i s  organism  co n ta in  components found 
in  c e l l  w a lls  o f G:?am n e g a tiv e  b a c te r i a ,  and Baird-l^arkea? (1965a) 
considered  th a t  H* radiodiarans should  probably  bo o la a s i f ie d  o u tw ith  
th e  fam ily  M lcrococoaceae* 3?rom tho  r e s u l t s  o f  th e  e le o tro p h o re tio  
g roup ing , t h i s  s t r a i n  in  Group 26 seems to  bo d i s t a n t ly  r e l a t e d  to  
M erococcus ré so u s  s t r a in s  (Group 27 ), and 1 co n s id e r th a t  Miorococous
j aX.m **A i  ^  •  /  -c yiTügg^t*-j t -rt<jTLir , « i k »
rad io d u ran s  should  rem ain in  th e  Miorococous genus u n t i l  fiu^the:»:' 
evidence i s  found th a t  excludes i t  from t h i s  genus; in  a d d i t io n , no 
ta x o n o m st has suggested  a genus to  p lace  t h i s  s t r a i n  in to ,  i f  i t  i s  
n o t r e ta in e d  in  th e  MiorocooGus genus#
^S E L ,S 2  (10 st3?aine)s S tra in s  produce between 2 and 4 o f e s te r a s e  
band nos# 3 , 24? 26, 33, 34 and 35? between 3 and 7 o f  b lood band nos#
10, 11, 15, 22 -  28, and between 0 and 3 o f s ta rc h  Ixycb^olysing enzyme 
band n o s . 1 , 5? 7 end 9#
% ysip logv#  S tr a in s  produce a ro se  red  pigm ent, do no t ferm ent or 
o x id ise  g lu co se  o r m an n ito l, o r produce phosphatase o r a c e to in , bu t 
hydro lyse  s ta ro h .
Source g most s t r a i n s  come fs^om c u l tu re  c o l le c t io n s ,  and the  sourceslR3FÂWtytv*Gfira:i# ^
aro  miiaiown, bu t 3 o f  th e  s t r a i n s  wos:e i s o la te d  from e i th e r  dust o r 
bacon.
M£jtSWMm,£SmSÉm^ ËÊ^jmSæS. e (XO stm in s) .
am W m  7523 produces
e s te ra s e  band nos# 24 and 33? b lood  band n o s. 10, 15, 22 and 27? and
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and s ta rc h  Iiyd ro lysing  ens.yme band nos* 5 and 'f#
Mdcrococona roseuo  (M cro b lo lo g y  Dopt** ïïx riy e rsity  o f  Olasgow* c u ltu re  
c o l le c t io n )  produeec o a te raeo  band nos* 33 and 35? b lood  band noa* 10,
15ÿ 25 and 20  ^ and starch hydrolysing ensyiue band nos* 1, 5 and 9*
M* ros^iB  0 ,0 ,M* 146 produces o s te ra s e  band nos* 24, 33 and 34, bloodet'flrtjiLiroiiKrslAitfesui " #*  * * ^  w  * »  •
band nos* 10, 15, 22, 23, 26 and 27, and otarch hydrolysing en%yrie 
band nos* 5 and 7*
M* rQ^ aej;jp_ 0 ,0 .M* 239 produces e s te ra s e  band n o s , 24 and 33, b lood band 
nos* 10, 15, 22, 23, 26 and 27, and s ta rc h  h y d ro ly sin g  ensyme band n o . 5^  
H. ; ^ sgms GoOoM* 56O produces e s te r a s e  band n o s . 24 and 33, b lood  band 
nos* 10, 22, 23, 26 and 27, and s ta rc h  liydro lyaing  ensynio band no# 5*
M* r o s c ^  Û.G.M. 750 produces e s t  e ra se  band nos* 24, 33, 34 and 35, 
b lood band n o s . 10, 15, 22, 23, 26 and 27, and s ta r c h  h y d ro ly sin g  enayniG 
band no* 5*
M* roseun G.G.M* 837 produces e s te r a s e  band nos* 24 and 33, b lood band 
nos* 10, 15, 22, 23, 26 and 27,  and s ta rc h  h y d ro ly sin g  ensyme band no* 5< 
UnXiko p h y s io lo g ic a l c l a s s i f i c a t i o n s ,  t h i s  Q leo tro p h o ro tio  
c l a s s i f i c a t i o n  has shown th a t  th e . re d  pigm ented, b io o h e m o a lly  weak 
m icrocoocl belong  to  a  heterogeneous group of s t r a in s  w ith  c lo s e ly  
r e la te d  c h a r a c t e r i s t i c s .
Urease isoEiyme bands unfortunately were not of taxonomie signifioance 
in Group 27 *- only 2 stra ins hyd3:olysed urea in agar, but neither s tra in  
produced urease isoy^me bands, and the 1 stra in  capable of produoing 
bands fa iled  to hydro.>yso urea in  agar (page 240 ) *
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( l  s tra in )®  S tra in  prodtioea no e s te rao o  "band, bu t b lood 
band no* 3 , and s ta r c h  hy d ro ly sin g  e n ^ a e  band nos* 7 and 12*
Phyoiolcjgyg S tr a in  i s  yellow  pigm ented, g lucose fe rm e n ta tiv e , unable 
to  u t i l i s e  m am iito l, o r a b le  to  produce phosphatase , bu t produces 
aoeto in*
Sources cheese*
IL^Æâs£Ë2-3£eJLÆaaBjj^ s  Stapliyloopccus sulDgroup IV or V.
This group i s  c h a ra c te r is e d  m ainly on th e  b lood  band and s ta rc h  
îiydro lysiïig  ensyme p a tte rn *
GROUP 29 ( l  s t r a i n )  s S tra in  produces no e s te ra s e  bands, bu t b lood 
band no* 2*
Strain is  vMto pigmented, not glucose and imnnltol 
fermentative, but glucose and mannltol 03d,ctiitive § strain does not 
produce phosphatase or acatoin*
'S ources c u l tu re  c o l le c t io n  s t r a i n  StapliylQOQCoua l a p t i s  H*Q*-T*0*
7617 o f luilaiOT/n source*
M osomoma eutgEoup 5*
TMo s t r a i n  i s  ’no t w e ll c h a ra c te r is e d , because o f la c k  o f A
e le o tro p h o re tio  c h a ra c te rs ,  and y e t th e  s t r a i n  i s  s u f f i c i e n t ly  d i f f e r e n t  
from o th e r  s t r a i n s  to  p la ce  i t  i n  a  group o f i t s  own*
GROUP 30 (1 s t r a i n ) :  S tra in  produces no e s te r a s e  bonds, b u t b lood
band n o s. 13 and 14*
S tra in  i s  w h ite  pigm ented, unab le  to  u t i l i s e  g lucose  and m an n lto l, o r  
produce phosphatase o r  a o e to in .
304 **
Source: c u l tu re  c o l le c t io n  s t r a i n  S arcina u reae  EoGtTtO, 4S19 o f
r4txrh.W PW w »<»m.Ÿ *vt» M *  jww» * ^
unknown so u rce .
B a ird -P ark er gTomxlngs M crooocciis subgroup 7-
C onsiderab le evidence has been amassed to  show th a t  S a rc in a  u reae  i s  
more r e la te d  to  th e  B ao illa ce ae  than  th e  M crocoocaceae (page %% ) ,  and 
s in ce  t h i s  s t r a i n  has no e le c t ro p h o re t ic  Gharaote3?s in  common w ith  any 
o f  th e  o th e r  s t r a in s  examined, I  have decided to  exclude Group 30 from 
th e  genus Itlo rococcus
SECTIOK B
BISCnSSÏOH OF THE aBCÎROPHOSSTie
CLASSIf'XGAa’IOW SCHÏüMB -  SCHMEI S
p.A#mn » ] lin-. * * *
BÎSCÏÏSSIOIT OF THE EhEOTROPHORETIO GROUPS.
In  th e  p reced ing  s e c t io n  I  have o h a ra o te r ise d  th e  30 E le c tro p h o re tic  
Groups, and -there i s  ho c l e a r  ou t d iv is io n  o f the  s t r a i n s  in to  2 main 
groupings,, eq u iv a le n t to  M lorocbccus and S taphy lococcus, by e le c t ro ­
p h o re tic  a n a ly s is .  The e le c tro p h o re t ic  r e s u l t s ,  l i k e  those  o f  the 
m orphological and p h y s io lo g ic a l c l a s s i f i c a t i o n  (Scheme l ) ,  a re  unable 
to  support, th e  c u r re n t opinion, th a t  m icrooooci and s ta p h y lo co cc i should  
be p laced  in to  2 g e n e ra , . d i f f e r e n t ia te d  by th e  o x id a tio n  -  fe rm en ta tio n  
t e s t .  I  co n s id e r th a t  a l l  mioroco.coi and sta% iiylococci in  28 o f the  
30 E le c tro p h o re tic  Groups, th e re fo re , should  be p laced  i n  1 genus,
namely Miorococous j th e  o th e r  2 Groups have been shown n o t to  belong to
the  genus % o ro co ccu s, and a re  probab ly  o u tw ith  th e  fam ily  
3l(dorocoocaceae -  Group 25 (page % o ), and Group 30 (page 110S ) .
I  now compare my e le c t ro p h o re t ic  c l a s s i f i c a t i o n  scheme w ith  the  
c h a ra c te rs  o f c e l l  shape, an im portan t m orphological c h a ra c te r ,  and 
c a ta la s e  p ro d u c tio n , an im portan t p h y s io lo g ic a l c h a ra c te r ,  i n  the  
c l a s s i f i c a t i o n  o f m iorocoodi and s ta p h y lo c o c c i, to  see i f  th e se  
c h a ra c te rs  should  s t i l l  bo regarded  as im portan t f o r  c la s s i f y in g  th e se  
organisms,
The taxonomie s ig n if ic a n c e  o f  c e l l  shape in  the  genus ffiorocpccus 
Only 5 o f  th e  4^6 s t r a i n s  th a t  X c l a s s i f i e d  possessed  e l l i p t i c a l l y  
shaped c e l l s  (page U.t )*** 1 s t r a i n  in  Group 7 , 1 s t r a i n  i n  Group 12,
2 s t r a i n s  in  Group 13 and 1 s t r a i n  in  Group 25*
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I  tM n k  th a t  the  e l l i p t i c a l  shape o f c e l l s  in  4 o f  th e se  s t r a in s  
( th o se  in  Groups 7 , 12, and 13) i s  o f  m inor taxononvlo im portance, 
because a l l  th e se  s t r a i n s  sh are  p h y s io lo g ic a l , e c o lo g ic a l and 
e le c t ro p h o re t ic  c h a ra c te rs  w ith  o th e r  s t r a i n s  in  t h e i r  re sp e c tiv e  
Groups. The f i f t h  s t r a i n ,  I^^orococous o in n ab areu s* th e  so le  
r e p re s e n ta t iv e  o f Group 25, d i f f e r s  in  many c h a ra c te rs ,  p h y s io lo g ica l 
and e le c t ro p h o r e t ic ,  in  a d d it io n  to  c e l l  shape, from th e  o th e r  
s t r a in s  examined; f o r  t h i s  s t r a i n  e l l i p t i c a l  c e l l  slmpe i s  probably  
o f  taxonomic s ig n if ic a n c e . I  ag ree  w ith  Shaw ^  a l . ( l9 5 l )  th a t  
M. c in n ab areu s should  be c l a s s i f i e d  ou tw ith  th e  genus !ü o ro coccus 
(page 30).
I
The taxonomic s ig n if ic a n c e  o f c e l l  sliape, th e re fo re ,  depends on 
o th e r  c h a ra c te rs  e x liib ited  by s t r a in s  o f m icrococoi and s ta p h y lo co c c i, 
and p ro b ab ly  c e l l  shape i s  o f lo s s  s ig n if ic a n c e  than  was p re v io u s ly  
th o u g h t.
The taxonomic s ig n if ic a n c e  o f o a ta la se  •production in  th e  avenus 
M icrocoocus
Only 3 o f  th e  406 s t r a i n s  th a t  I  c l a s s i f i e d  were c a ta la s e  n e g a tiv e . 
Tlaese 3 s t r a i n s ,  n o s .6 , 31 and 89 a re  p h y s io lo g ic a lly  c lo s e ly  r e la te d  
(page \S 8  ) ,  b u t a re  l e s s  c lo s e ly  r e la te d  e le c t ro p h o r e t ic a l ly .  S tra in  
h o .6 produces e s te r a s e  band n o .5 and blood band h o .5 (Group 6)5 
s t r a i n  h o .31 produces e s te r a s e  band h o s .5 , 11, 70 and 80, b u t no 
blood bands (Group 5)5 s t r a i n  h o .89 produces e s te r a s e  band h o s . 6
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and XI, b u t no b lood bands (Group 2 ) . I t  was expected  t h a t  s t r a in  
no s. 31 and 89 would n o t produce any blood bands, s in c e  they  were 
c a ta la s e  n e g a tiv e , b u t i t  was s u rp r is in g  to  f in d  th a t  s t r a i n  h o .6 
produced a blood band w ith  an v a lu e  s im ila r  to  th a t  produced by 
some c a ta la s e  p o s i t iv e  s t r a i n s .  I t  i s  p o ss ib le  t h a t  t h i s  s t r a in  
produced sm all amounts o f  c a ta la s e ,  u n d e tec tab le  by the  a d d it io n  o f 
perox ide to  c o lo n ia l grow th, b u t d e te c ta b le  a s  c a ta la s e  and blood 
bands on aciy lam ide g e l s l i c e s ,  a f t e r  a p p l ic a tio n  o f th e  a p p ro p ria te  
re a g e n ts .
A ll th e  3 c a ta la s e  n eg a tiv e  s t r a in s  f i t  in to  e le c t ro p h o re t ic  
M icrococcus, groups, which a ls o  co n ta in  c a ta la s e  p o s i t iv e  s t r a in s .
I t  would appear, therefore, from eleotrophoretio analysis that some 
apparently catalase negative strains can be classified  within the 
genus MiorococGUs.
C e rta in ly , th ese  3 s t r a in s  a re  n o t p h y s io lo # o a l ly  r e la te d  to  
Aerooocous v ir id a n a  (page 5^^ 0 ) ,  and Lucas & Seeley (1955)? Jensen
( 1963) ,  and Solomon & San Clemente ( I 963) have a l l  re p o r te d  the  
p resence  o f c a ta la s e  n e g a tiv e  s tap h y lo co cc i.
C a ta la se  p ro d u c tio n , th e re fo re , may have le s s  taxonomic 
s ig n if ic a n c e  in  the  c l a s s i f i c a t i o n  of m icrococci and s tap h y lo co cc i 
than  was p re v io u s ly  th o u g h t.
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Comparison- of  Eleotrophoretio  ^lorpoQOcue Groups with morphologioal
and phYSioIogioal Kcpunin c^s of mioroooocl and staphyXocoo.oi by 
other taxonomists
At th is stage i t  seemed reasonable to, compare my eleotrophoretio  
c la ss if ic a tio n  scheme with recently published morphological and 
physiological c la ss if ic a tio n  schemes of micrococoi and stapliylococoi. 
I t  i s  d if f ic u lt ,  however, to compare c la ss if ica tio n  schemes, when 
different cr iter ia  for c la ss if ica tio n  are used in  the d ifferent 
schemes* For instance, i t  i s  v ir tu a lly  impossible to compare some 
of Shaw e t  ^1 . (1951) Staphylococcus -subgroups with the Electro- 
pho3X)tic Morocoocus Groups, because these authors did not d iffer ­
entiate between glucose oxidation and glucose fermentation; in  
addition, i t  i s  ju st as d if f ic u lt  to compare Pohja ( lg 6o) subgroups 
with the Electrophoretic Groups of the scheme presented in  th is  
th esis , because Pohja ( i 960) used cliaraoters such as acid from 
arabinose, and n itrate reduction as major cr iter ia  for c la ssify in g  
some of h is  stra in s, whereas I did not examine iiy 4^6 strains for  
these characters*
Ï ,  therefore, r e s tr ic t  the comparisons to ones which can be 
ju s tif ia b ly  made, and I have selected for comparison 2 c la ss ifica tio n  
schemes, which are probably the most frequently used by bacterio­
lo g is ts  ati-present for  c la ssify in g  microoooci and staphylococci:-
1) the scheme jji Bergey, 1957 (Breed, 1943, 1955? Smit, 1949? 
Hucker, 1954; Breed, 1954? %ans, 1955)*
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2) th e  scheme o f B a ird -P a rk e r (1963, 1965&) ,
Comparisons o f th e se  schemes w ith  th e  E le c tro p h o re tic  Groups a re  
on ly  approxim ate*
1 ) the, aoheme .to Berp:ey ( l2 5 ll
to e  .seeoleB to  Berg-ey (1957) Eleo.tEQ.to.oret.iQ .Gxo.ujps 
B tanhylococcus aureus * Coagulase p roducing  and
m ann lto l fe im en tin g  s t r a i n s  
o f  M icro0000U0 Group 1 
Staphylooocous en id erm id is  e Mjcrooooous Group 6
5 yellow pigmented strains of Microooopu;
Groups 14? 16, 17 and 22 
® Microooooue Group 24
e W. pro coco us Group 27
8arcina lutea  
Jiicroc.ocous roseuo
2) .toe, s.oheme .q£ (.1963,19.69a)
Betailed comparisons are made between Baird-Parkor (1963?1965&) 
groupings and the Electrophoretic Groups from page to page 
B A ird -F a rto ^
Gta-phvloooccuB, subgroup I
StanhyloQopcus subgroup I I
M icrococcus Group 1 s t r a i n s  p o s it iv e  
in  3 o r  th e  fo llo w in g  p h y s io lo g ic a l 
ch a ra c te rs?  coagu lasè  p ro d u ctio n , 
phosphatase p ro d u c tio n , m a m ito l 
ferm enta tion*
most s t r a in s  i n  Micro coo c u b  
Group 6
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pubgroup II I  
8ta-pbyiooocQUP subgroup© IV and V
StanbylocooouB subgroup VI
MicrocoGouB subgroups 1 and 2
Ho^QjSao^a^Bubgroups 3 and 4
MorooQ_aous, subgroup 5
MicroGoccus subgroup 6
1*^110^ -00009^8 subgroup 7 
subgroup 8
e  iEorococcu/Et Group 9 
s  some s t r a in s  i n  ïHorococous 
Group 6 and MicrococcuB Group 
?•
H few s t r a in s  in  each o t  the  
fo llo w in g  M icro0000^8 Groups 
1» 6f 14* 18* and 21*
B Some s t r a i n s  in  Miorococcu© 
Group Sm 
s  few s t r a in s  in  Miorococcus 
Group 14*
& some s t r a i n s  i n  M orooocoqs 
Groups 12 and 2g*
B few s t r a i n s  in  each o f the  
fo llo w in g  Miorocooous Groups: 
12* 14* 16* 17* 22 and 23* 
s  Miorooooop^ Group 24 
« Microooocus Ga?oup 27
The comparisons of the 2 p l^siologioal c la ss if ic a tio n  schemes 
with the Electrophoretic Groups shoiv that physiological and 
electrophoretic c la ss if ic a tio n  schemes of ralcrooocci and staphylococci 
are only complementary for  certain groups o f stra in s, viz*  
StanhvloooccuQ e-pidermidis s  Otanhvlococcus subgroup II  m 
^  Group 6*
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parpina lu tea  « Mcrocoooug subgroup  ^ » lliorococGUs Group 24* 
MicrQcoccug roseus *» ?>Hcroooccua subgroup 8 « %orooooouB Group 27 #
Close correlation was not found between other electrophoretio and 
physiological groupings.
Comnarison o f ecological charaoters with the Electronhoretic Grouns 
The sources o f strains in  the 30 Electrophoretic Groups are given from 
page W\  to page StV ♦ There are few Eleotrophoretio Groups in which 
ecological characters correlate w ell with electrophoretic characters* 
but the following observations are worth maldngs-
l )  Eleotrophoretio Mlorogocçus Groups 1 (only the coagulase positive  
stra in s), 6, 15, 1? and 18 contained strains (31 in  a l l ) ,  which are 
considered by b acterio log ists in  various B ritish  hospita ls to be 
pathogenic for humans. The same b acterio log ists considered tlmt strains  
(57 in  a l l )  from Eleotrophoretio Microoooous Groups 1 , 2, 3, 6, 7 and 
17 were possibly pathogenic, i . e .  these strains were iso la ted  from 
in fection s, but were not proven to be the cause o f the in fection .
I t  would appear tliat strains o f Gram p o sitiv e , catalase p ositive cocci, 
other than coagulase p ositive  stra in s, are capable o f causing disease.
I t  i s  worth pointing out that of the 10 strains in  Group 17, a l l  
incapable o f fermenting glucose, 2 strains caused d isease, and 2 
additional strains were possibly responsible for urinary infections; 
as far as I am aware th is i s  the f i r s t  time tîiat Gram p ositive , 
catalase p ositive  cocci incapable of fermenting glucose, Imve been 
recorded as capable o f causing an infection#
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2) th e  7 s t r a in s  from Miorocoooua Group 4 were a l l  i s o l a te d  from
h e a lth y  anim al sld.n (page •
3 ) i t  i s  p o ss ib le  tlia t. M icrococc,us, Group 9 s t r a in s  may be found only  
on p ig  sld,n, o r  on th e  sk in  o f humans, working w ith  th e se  an im als, 
s in ce  none of th e  h a b i ta t s ,  in c lu d in g  many mammalian s k in s , th a t  X 
is o la te d  s t r a in s  from , supported  a b a c te r i a l  f lo r a  c o n ta in in g  s t r a in s  
o f  th i s  Group (page 297 ) •
4 ) i t  seems th a t  storains from Mdcrococcus Groups 10, 11, 12, 13 and 
14 occur in  much th e  same k ind  of h a b i ta t  -  cheese , i n  o r  on warm o r  
co ld  blooded an im als, b u t r a r e ly  on human slcin o r  u r in a ry  t r a c t .
5 ) th e  2 s t r a in s  from the  s ld n  o f  2 b u dgerigars  occur in  th e  same 
group (M icrococcus Group 6 ) , which com prises the  m a jo r ity  o f s t r a in s  
is o la te d  from human skin* I t  i s  p o s s ib le , th e re fo re , t h a t  the 
b u d g erig a rs  ob ta in ed  t h e i r  slcin b a c te r i a l  f lo r a  from p e t  handlers*
The 3 b a c te r ia l  s t r a in s  is o la te d  from 2 dom estic c a ts ,  however, 
belonged to  d i f f e r e n t  Groups (Groups 6, I 9 and an in te rm e d ia te  s t r a in  
between Groups 1 and 2 ) ,  and o f  th ese  only  Group 6 i s  a s s o c ia te d  w ith  
human sk in  s t r a in s .
6) Ho s t r a in s  from Micro,coccuq Groups 24 and 27 wore i s o la te d  from 
human o r  anim al h a b ita ts*
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Comparison of Eleotrophoretio Microoooous Groups with published 
ola s s i f ip a tion sohemeB based on MA base ra tio s .
The use of BHA base ra tio s  for bacteria l taxonomic purposes is  compara­
tively  nev; (page 79 )? and  o n l y  inafow of the culture collection stra ins 
that I  c lassified  oh morphological, physiological and electrophoretic 
characters are the DMA base ra tio s loiown. Yet the comparison of the 
BBA base ra tio s  of these few strains with Electrophoretic îiiorocpccus 
Groups and Baird-Farker*s (1963,1965a) morphological and physiological 
subgroups yields in teresting  results-. Table shows the comparisons. 
In general, each of the Electrophoretic MlorocoGous Groups, and Baird- 
Parker (1963, 1965a) subgroups contains strains with approximately the 
same ?^GG BHA base composition, but there is  a much greater degree of 
sim ilarity  between the grouping by BM base ra tio s  and the Electro­
phoretic Micrococcus Groups, than with Baird-Parker (1963, 1965a) 
subgroups. The only electrophoretic group, wliioh does not contain 
strains with sim ilar BHA base ra tio s , is  ^&orococcus Group 24o, and, 
as I  have pointed out on page , the 2 Mgrocsaoue con^ a m m t.m 
strains in  th is  subgroup are pli^'-siologically and electrophoretically 
less related than the shared specific name would suggest.
Tlaese comparisons shovf that the grouping based on BM base ratios 
is  in greater harmony, fo r the limited number of Gram positive, 
catalase positive cocci compared, with the Electrophoretic Micrococcus 
Groups, than with Baird-Parker*s (I963, I965&) morphological and 
physiological subgroups.
Comparison o f  E le c tr o p h o r e t ic  M icrococcus
G ro in s  wi t h  c l a s s i f i c a t i o n  scheme s  b a se d  on DMA base  r a t i o s
II .1 1 I1,»I , .














31.55i b Micrococcus subgroup 
3 or '*
Group I'l ^
Staphylococcus lactis N.C.T.C. 32;c b Micrococcus subgroup Group I'l
!189
6
Micrococcus conclomeratus C.C.M.7A0 53.5;fc c Micrococcus subnroup Group 2'ic
Micrococcus conclomcrotua C.C.M.836 6'i.o> c
7
Micrococcus subgroup Group 2'.c
7
Micrococcus radioduroiis N.C.I.13. 6 6 .0;; c not classifiable Group 26
9279







not classifiable Group 21
. . .  _________________ !
Micrococcus lutcus C.C.U.810 6 6.3;; Micrococcus subgroup Group 24a
Micrococcus lutcus C.C.M.3IO 67.5;;
7
Micrococcus subgroup Group 2'ia
Micrococcus lutcus C.C.K.'ilO 70-73.5:; b
7
Micrococcus subgroup Group 2'iu
Micrococcus flavocynneus N'.C.T.C. 76.8;;
7

























Micrococcus lutcus C.C.M.855 73.3:; u Micrococcus subgroup 
7
Group 2'in







Micrococcus roseus C.C.M. 560 70-71;; b Group 27
Micrococcus roseus C.C.M.1'i6 7 2. b;; a Group 27
a 5 jloaypnl ei fti. (1966), b = Hill (I9 66). c = Uohncok al. (I9 6 7).
N'.C.T.C, = National Collection of Type Cultures, London. C.C.k. = Czechoslovak Collection of Uicroor^anisms, ;irno. 
X.C.I.U» = National Collection of Industrial Dacteria, Aberdeen, 
not classifiable = I could not classify this strain with Baird-l’nrkor's (1965,1965a) criteria.
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Tlie use of the eleotrophoretio olasslfloation scheme,, for ideutifyiuff
micrococoi and c/oaphyloooGci
I K t-n>i tkifi.T,i 1 T~ TU T viliiii 1- ~ r i  1 r - 1 T~ri~ir f T  ~i*'~i*i 1 hf ' ni~ir»rii fii w i i i r  i  i. K  \ i '» iil i n .  I ~.l
As stated on page 1, iden tifica tion  is  an in tegral part of taxonony, hut 
and iden tifica tion  scheme cannot he constructed u n til  a re liab le  
c lassifica tion  scheme has been proposed and accepted by the majority of 
taxonomists# 'Morphological and pliysiological characters, although 
re la tiv e ly  easy to detect, are unsuitable for identifying micrococoi and 
staphylococci, since I  have shown that there are few combinations of these 
characters (Scheme l)  typical, in  my opinion, of a natural grouping* The 
electrophoretic c lassifica tion  scheme, hoivever, has been shown to be 
successful in classifying the vast majority of 406 stra ins of micrococoi 
and staphylococci, and an electrophoretic iden tifica tion  scheme based on 
the c lassifica tion  scheme should be designed, Nevertheless, i t  would 
be d iff icu lt for a bacteriologist hsing the design of the 
electrophoretic c lassifica tion  sohome, to  identify  an unlmown 
miorococous or staphylococcus, since the electrophoretic c lassifica tion  
soheme is  not dependent on the characters of actual E.p values of isozymoi 
bands, but on th è jcharacters of the re la tive  positions of the bands* In 
order to  iden tify  W a unknown s tra in , the bacterio logist would require 
samples of c e ll contents containing each of the S7 esterase isozymes,
40 blood band isozymes, and 12 starch liydrolysing isozymes# Clearly i t  
would not be easy to supply every bacterio log ist, v/ho wished to identify  
a miorococous or staphyloooocus, vâth these samples, even assuming he 
knew how to electrophorese the samples across aorylaimldo gels, and detect
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esterases, blood bands and otarcli hydrolysing isozymes in  the gels#
A more f e a s ib le  p lan  f o r  id e n t i f y in g  mioroooooi and sta id iy lococo i 
by th e  e le o tro p h o re tio  o la s s i f io a t io n  scheme would be to  have a 
c e n tr a l  la b o ra to ry , in  which a l l  th e  s t r a in s  r e p re s e n ta t iv e  of th e  
30 B le c tro p h o re tio  Groups would be oultvn^ad and m ain ta in ed , and where 
a l l  th e  re q u ire d  samples o f c e l l  co n ten ts  would be k e p t ,  and renewed 
p e r io d ic a lly *  0?he c e n t r a l  la b o ra to ry  should , th e n , be ab le  to  id e n t i f y  
any iiïicroeocoua o r stapliyloQOCOxxs se n t to  i t#  The unknown s t r a i n  
would bo grown on a g a r , th e  c e l l s  h a rv es ted , and d is in te g ra te d ,  and th e  
o e l l  co n ten ts  e le c tro p h o re se d j a long  w ith  th e  la b o ra to ry  r e p re s e n ta t iv e  
sam ples, in  an acrylam ide g e l ,  and afte rv /a rds s ta in e d  fo r  e s te r a s e s ,  
b lood bands, and s ta rc h  liyd ro ly sing  enzyiaes# Oomparison o f th e  known 
enzyme bands w ith  th o se  produced by th é  unlcu6v/n s t r a i n  shou ld  allow  
t h i s  s t r a i n  to  be o lia ra c te r ise d  e le c t ro p h o r e t ic a l ly ,  and p laced  in to  
one o f th e  E le c tro p h o re tic  Groups*
Thus i t  i s  on ly  in  i t s  u se , and no t in  i t s  c o n s tru c tio n , th a t  the  
e le c tro p h o re t ic  id e n t i f i c a t io n  scheme would d i f f e r  from th e  
e le c tro p h o re t ic  c l a s s i f i c a t i o n  scheme#
U U L E J . . A Ï
3X6
In  th e  course o f 3 y e a rs , 274 s t r a in s  o f inrlcrocoooi and Btaphy.loooooi 
were I s o la te d  from  a v a r ie ty  o f h a b i ta t s ,  and 132 s t r a in s  were o b ta in ed  
as pure c u l tu r e s ,  m ainly from c u l tu re  c o lle c tio n s?  t h i s  gave a  t o t a l  of 
406 s t r a in s  f o r  taxonomic studl.es* A ll 406 s t r a in s  were examined f o r  a  
t o t a l  o f 49 m orphological and p h y s io lo g ic a l c h a ra c te r s ,  and th e  s t r a i n s  
were compared f o r  c h a ra c te rs  in  common* I t  would found th a t  s t r a in s  w ith  
p r a c t i c a l ly  a l l  com binations o f c h a ra c te rs  e x is te d , from th e  coagulase 
p o s i t iv e ,  b io ch em ica lly  a c t iv e  stap liy loooooi, th rough  m ny interm ocU ate 
groupings to  th e  b io ch em ica lly  weak yellow  and re d  mioroGOOcii a c la ss*  
i f i c a t i o n  schemo based on a  few a r b i t r a r i l y  chosen main o h a ra o te ra , as  
i a  the  t r a d i t io n  in  t h i s  group o f b a c te r ia ,  would be e n t i r e ly  a r t i f i c i a l *  
A fte r  d isc u ss in g  some o f th e se  main c h a ra c te rs , and f in d in g  p r a c t i c a l ly  
a l l  of them u n s u ita b le  as  im portan t c r i t e r i a  f o r  c la s s i fy in g  th e  4O6 
s t r a in s  o f microGoeci and e tap liy lo co cc i, I  decided to  adopt th e  
Adansoniau approach to  c l a s s i f i c a t i o n ,  and t r e a te d  49 m orphological and 
physio  lo g ic a l  c h a ra c te rs  as being  equal* As I  expected , th e  r e s u l t s  
o f  t h i s  Adansonian c l a s s i f i c a t i o n  dem onstrated th a t  th e re  was no c le a r  
d iv is io n  o f th e  406 s t r a in s  in to  2 main groups, e q u iv a le n t to  tho 
genera M oroooccua and Stai^liylococous, bu t th e re  was a  d iv is io n  in to  
v ery  many sm all g roup ings, th e  m a jo rity  o f which co n ta in ed  only  one 
s tra in #  The most im portan t conclusion  drawn from t h i s  scheme was th a t  
a l l  m icrococoi and stap îiy locooci should  be p laced  in to  one genus **
Xt seemed u n l ik e ly  th a t  f u r th e r  d iv is io n  o f t h i s  genus 
in to  n a tu ra l  g roupings by m orphological and p h y e io lo g ic a l c h a ra c te rs
-  31?
was p o s s ib le .
G onseguentlyj o th e r  o h a ra o to rs , ±n p a r t ic u la r  th o se  dem onstrated by 
e le o tro p h o re tio  m ethods, were examined fo r  t h e i r  su i'b a b il.ity  in  
c l a s s i f i c a t i o n .  Ï  s tu d ie d  th e  isozyme bands? d e te c te d  by s p e c if io  
co lou r r e a c t io n s  in  acry lam ide go l s l i c e s ,  which co n ta in ed  
e leo tro p h o resed  c e l l  co n ten ts  o f  th e  406 m icrocoooal and stapliyloGoooal 
b a c te r ia l  s t r a i n s ,  and I  found th a t  only  3 ty p es o f  isozymes -  e s te ra s e  
isozymes* used  in  c l a s s i f i c a t i o n s  o f o th e r b a c te r ia *  and 2 p re v io u s ly  
u n rep o rted  isozyme systems* b lood  band isozymes and s ta r c h  liyd ro ly sing  
isozymes « were o f use in  c la s s ify in g ' my s t r a i n s # These s t r a in s
showed g ro a t v a r ie ty  in  the number and m o b ility  o f  th e  isozyme bands? 
th e  s t r a in s  produced between 0 and 6 o f 8? e s te ra s e  bands between 0 and 
7 o f 40 blood bands, and between 0 and 3 o f 12 s t a r  oh liydro lyaing  
isozyme bands. W ith th e  139 e le c tro p h o re tic  c h a ra c te rs  o f  th e se  3 
isozyme system s, th e  406 s t r a in s  were c l a s s i f i e d  by Adansonian means, 
and i t  was found th a t  a l l  bu t 2 o f th e  s t r a in s  f e l l  in to  a  la rg e  group, 
th e  genus itlo ro co ccu s , and vd tM n t h i s  genus i t  was p o s s ib le  to  d e te c t 
n a tu ra l  gi?oupings -  28 Miorococous Groups. In  a d d i t io n , th e re  were 2 
o tho r E le o tro p h o re tio  Groups (25 and 3 0 ), which p o ssessed  
e le c tro p h o re t ic  o h a ra o to rs , com pletely  u n re la te d  to  the  o th e r  
E le o tro p h o re tio  Groups* and th e s e  were excluded from th e  genua 
|ii^cr^P£qu^s. The e le o tro p h o re tio  grouping does n o t compare w e ll w ith  
my o?m Scheme 1 , and p u b lish ed  m orphological and p liy s io lo g io a l 
c l a s s i f i c a t i o n s ,  bu t i t  does f i t  in  c lo se ly  w ith  DM base r a t i o
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analysis groupings# ' . '
The o la s s i f io a t io n  scheme of ndcrooocoi and e tap liy lo o o cc i, based 
on e le c tro p h o re t ic  charac te ra*  seems to  have c e r ta in  advantages over 
schemes based on m orphological and p h y s io lo g ic a l ch a rac te rs*  s in ce  
e le c tro p h o re t ic  a n a ly s is  c le a r ly  shows th e  e x is te n c e  o f  n a tu ra l  
groupings w itM n one la rg e  group. Taacouomists have no t been 
p rev io u s ly  aware o f  th e  e x is te n c e  of Groups l ik e  Miorooooous Group 3* 
w hich, a p a r t from a unique e le o tro p h o re tic  p a t te rn  o f c h a ra o te rs , 
co n ta in s  s t r a in s  which o x id ise  and ferm ent m an n lto l, and y e t a re  
coagulase negative*
Ah important contribution to the taxononiy of microoooci and 
staphylococci has been mde by the 03:eation of the electrophoretic 
classification scheme since
1) ooagulaso p o s i t iv e  s tap h y lo co cc i have been showu to  bo o lose2y 
r e la te d  to  c e r ta in  coagulase n e g a tiv e  s t r a in s  ( s t r a in s  o f ïliprocoocua Group l)*  
In  ad d itio n *  s t r a i n s  o f m icrococoi and stap liy lo co o c i, othes: than  th o se  
producing coagul& se, îmve been shown to  cause dd.sease* Tho o h arac to r
o f coagulase p ro d u c tio n , th e re fo re*  can no longer be regarded  as  th e  
so le  c r i t e r io n  fo r  c la s s i fy in g  a unique group o f pa thogen ic  
s ta p h y lo c o c c i, a lth o u g h  i t  i s  a  u s e fu l  id e n t i f i c a t io n  oharao ter*
2) th e  yellow  and re d  pigmented b iochem ically  weak m iorooooci
- EleetirojAioretio Mjcroooccus Groups 24 and 2  ^ respectively - have been 
classified  on positive characters i . e .  on electrophoretic characters 
which the strains possess, instead of the almost complete lack of
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physio3.ogioal oharaotero* except p igm en ta tion , v/Iiioh have been 
prevj.ouoly used  to  o la a e lfy  th e se  organism s,
' An id e n t i f i c a t io n  scheme, b ased  on the  e le o tro p h o re tio  c l a s s i f i c a t i o n  
scheme* i s  proposed which would id e n t i f y  any unknown miorooooous or 
stapiiy loooccus ♦
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